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PRELIMINARY VIEWS AND 
EXPERIMENTS. 

What is electricity ? It is a subtile fluid which 
pervades all nature^ and which becomes known to 
us by its peculiar properties, or by the way in 
which it affects our senses. Lightning is elec- 
tricity ; "^ in the thunder-storm nature generates 
the electric fluid on a mighty scale. Electricity is 
most easily generated by friction, or, to speak more 
definitely, it is rendered apparent to our senses 
when certain bodies are rubbed ngainst each other. 
Electricity appears to exist in all bodies in a latent 
or hidden state, but friction, and other causes, dis- 
turb this state of quiescence or inactivity. There 
are various means of generating electricity besides 
friction, — for instance heat, chemical action, or 
pressure will generate it ; but we purpose first to 
show its various properties when it is generated by 
friction. • 

EAST COURSE OF EXPERIMEI^TS, WITH SIMPLE PRIN- 
CIPLES DfitutED FROM THElf. 

The following electrical experiments may all be 
performed by any intelligent person, with no 
other apparatus than what may be obtained in any 

B 



ELECTRICITT. 



ordinary dwelling-house. All the experiments here 
described have been repeatedly performed by the 
author with invariable success. Many of them, he 
believes, are new and simple, and highly calculated 
to interest young persons, from the very fact that 
they have it in their power to repeat the experi- 
ments at any time they may wish to do so. 

Bodies which are electrified^ or which contain 
free electricity^ attract and repel Ught substances ; 
and when the electricity is generated in a sufficient 
quantity, luminous sparks, accompanied by a sharp 
cracking noise, pass from the electrified body to 
any body which is not electrified. 

These fundamental facts of electricity are illus- 
trated by the following experiments : — 

Exp. 1. Rub a stick of sealing-wax, or a dry 
glass tube, with a warm piece of 
flannel or silk ;— electricity is ge- 
nerated. Hold the excited stick 
of sealing-wax over some cuttings 
of light paper, or any other light 
substances ; the bits of paper will 
be attracted by the sealing-wax, 
and will eometimes fly and dance up and down. 

Bring the excited sealing wax before your eyes ; 
a sensation is felt as if spiders* 
webs were drawn across your 
face. 

Bring the sealing-wax under 
your nose; you feel a faint 
smell like phosphorus. 

Suspend a feather or a little 
cork ball by a silk thread, as 
shown in fig, 2. ; bring the ex- 
cited sealing-wax near the little t, 




Fig. 1. 



ball ; — it is first attracted, and 
then it is repelled. 




Fig, 2. 
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Those substances which readily yield electricity 
by friction have been called electrics. But it has 
recently been found that all substances possess this 
property in a greater or less degree. 

£.rp. 2. Suspend two feathers (or two light cork 
balls) by silk threads, as shown 
in ^g. 3. ; bring the excited <^*-^ 
sealing-wax near the feathers; 
they are first attracted to the 
sealing-wax, and then they ai-e 
repelled from it ; and they will 
finally be found to diverge or fly 
from each other, as shown in the 
figure. 

Here it will be observed, that 
the electrified body first attracts 
the feathers, and then when 
they become electrified, in the 
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same way as the sealing-wax, they are repelled by 
it, and mutually repel each other. 

MIxp, 3. Bring the excited stick of sealing-wax 
near a light downy feather, floating in the air ; the 
feather will first be attracted, to the sealing-wax, 
and then repelled from it. As the sealing-wax is 
moved towards the feather, it will continue to 
fly away. In this way ^ 
the feather may be ^ 
driven about the room. 
If the feather should 
touch any body not 
electrified, it will fly 
back to the sealing* 
wax again. Or if an 
excited glass tube be 
brought near the fea- 
ther, it will be attracted. 

Here the excited sealing-wax first attracts the 
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feather ; and then, when the feather becomes elec- 
trified in the same way as the sealing-wax, it is 
repelled. 

Exp, 4. Take up a black cat, which has been 
lying before the fire, hold it by the throat with one 
hand, and with the other hand rub it smartly along 
the back ; electricity will be generated, the hair 
will become so excited and charged with the elec- 
trical fiuid that a faint shock may sometimes be 
felt, and a succession of sparks may be seen, if the 
experiment is performed in the dark. 

Exp, 5. Take two strips of brown paper, 
about 9 inches long and 
2 inches wide ; warm 
them, and hold them by 
the finger and thumb of 
the left hand ; rub thorn 
briskly, by inserting the 
fore-finger of the right 
hand between them, and 
then drawing it sharply 
from end to end; the 
strips of paper will be 
powerfully electrified, and •^«^* ^' 

will diverge from each other, as shown in jftg, 5. 
They repel each other because they are electrified in 
the same way* 

Bring the hand between them when thus repelled, 
and they will both be attracted by the hand. 

Exp, 6. Lay the two strips of brown paper, the 
one over the other, on a smooth table ; rub them 
with the hand, or, what is still better, draw the 
edge of an ivory rule or scale over them for a few 
times ; lift them from the table, and then separate 
them from each other ; they will attract each other 
very powerfully. 

In the last experiment they repelled each other 
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becnnae ibey were electrified in the same wny ; but 
liere thej attract each other, because they arc elec* 
trifiedindilferent ways. It will be afterwards shown, 
that whilst the bottom piece of paper is positively 
electrified, the top piece is negatively electrified. 

The two foregoing experiments may be performed 
with silk ribbons, or with strips of thin sheet gutta- 
percha. 

In the place of the hand, an old fur cuff, or a 
hare's skin, or iudjsn-rubber, or a piece of warm 
flannel, or an ivory scale may be employed as the 
rubber. 

Exp. 7. Take two pieces of lump sugar, and 
rub them together in the dark ; they will appear 
covered with a beautiful lambent flame of electric 
light. 

Exp. 8. Take a piece of stout common brown 
paper (or a sheet of thin gutta-percha), about a foot 
long and nine inches broad; hold it before the fire 
until it is quite hot', lay it upon the table, and rub 
it briskly for a few times with the palm of the 
hand ; the paper will become powerfully elcclrified. 




m iliDuld nerer be healed. 
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sheet of paper, or gutta-percha, described in exp. 
8. or 9., upon the tea-tray bring the knuckle near 
to the tea-traj, and an electric spark will be received ; 
quickly withdraw the paper, and again apply the 
knuckle, and another spark will be received ; re- 
place the paper and then apply the knuckle, and 
another spark will be perceived, and so ou for at 
least a dozen times. 




Fig. 9. 

Exp, 12. Take a small splinter of wood, about 
9 inches long ; fix corks to its extremities ; suspend 
it from its middle by a silk thread ; bring the excited 
stick of sealing-wax, or brown paper, near to one of 
the corks ; it will be attracted, and by moving the 
electrified body in a circle, the cork, being con- 
stantly attracted, will appear to revolve on the 
thread as an axis. 

Exp, 13. Make a notch in the middle of the rod, 
described in the last 
experiment, and ba- 
lance it on the edge 
of a dinner knife, c, 
as shown in Jig. 10. 
(the balance of the 
rod is easily adjusted 
by pushing either the FxgAO, 

one cork or the othef nearer to the centre of the 
splinter). Bring the excited brown paper over the 
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cork A, and it will be attracted ; now place the 
excited brown paper oTer the cork b, and it will, in 
its turn, be attracted, and so on ; thereby giving 
an oscillating motion to the rod A b, on the edge c. 
This experiment exhibits electrical attraction in a 
striking manner, being conducted on a large scale. 

Exp, 14. To make two forks revolve by electrical 
attraction, — Stick two small ^ 

forks, A and b, into a cork c, as 
shown in ^^.11.; stick a sew- 
ing needle, with its point out- 
wards, into the cork ; poise the 
whole on the point of the 
needle, standing on the top of 
a wine glass, Q ; bring the ex- 
cited sealing-wax, or brown 
paper, near one of the forks, 
and make it revolve, as in 
exp. 12. , Fig, 11. 

Exp, 15. Blow out a lighted candle having a 
long snuff; bring an excited 
rod of sealing-wax near to 
the wick, as shown mfig,\2,\ 
the smoke is attracted by 
the sealing-wax, and sparks 
of fire appear to fly towards 
it. 

Exp, 16. Support a warm 
pane of glass upon two books, 
one at each end ; place some 
dry bran, or cuttings of fine 
paper, or light pith or cork balls, beneath the glass, 
and briskly rub the upper side with a warm piece 
of flannel or black silk ; the bran will dance up and 
down with great rapidity. 

This experiment was first made by Newton. It 
was important at the time of its discovery, inas- 




Fig. 12. 
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mucli as it showed, what was not known before, that 
an electrical body became electrified on the side 
contrary to that which was excited. 

CONDUCTORS AND NON-CONDUCTORS OP ELECTRICTTr. 

— INSULATION. 

The metal tea-tray of exp, 11. was placed upon 
a glass tumbler, because glass is a non-conductor 
of electricity ; and, in like manner, the feathers of 
€3cp, 2. were suspended by silk threads, because 
dry silk is a non-conductor of electricity. If the 
feathers had been suspended by a metallic wire, in 
the place of silk, they would not have diverged from 
each other in the manner described, for metals con- 
duct the electric fluid. 

The electric fluid does not diffuse itself over the 
surface of a non-conductor, but remains, confined 
strictly to that portion of the surface which first 
received it; thus, when one end of a stick of sealing- 
wax is rubbed, that extremity becomes highly elec- 
trified, whilst the other extremity remains in its 
natural state. On the contrary, conductors freely 
convey the electric fluid from one part of their sur • 
face to another, and thus the electric fluid instan- 
taneously diffuses itself uniformly over the whole 
surface of the conductor, just as water would spread 
itself over a level surface. All metallic bodies are 
excellent conductors, and water, wood, &c., as well 
as all substances in a damp state, readily conduct 
electricity. The earth is the great reservoir and 
conductor of electricity. When any electrified body 
is suspended from, or supported by a non-conductor, 
the body is said to be insulated. All non-con- 
ductors, therefore, ai'e called insulators. Glass 
rods, silk threads, sealing-wax, and fine threads of 
sealing-wax, are the insulators most commonly used 
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in performing electrical experiments. All these 
substances become conductors when thej are in a 
damp state ; hence the necessity of haying all our 
insulators perfectly dry and warm. Sealing-wax 
is the best of all insulators, because it does not 
readily become covered with moisture. The author 
has found that, for conducting delicate experiments, 
there is no insulator to be compared with a fine 
thread of sealing-wax or gum-lac. 

Bodies differ very much, as well in their con- 
ducting as in their insulating powers. Of all 
bodies metals are the best conductors, and resinous 
bodies are the best insulators or non-conductors. 
The bodies in the following list possess these powers, 
in the order in which they are named. 



Classifictxfioncf Conductors ac 
cording to their conducting 
power. 

All the metals. 

Charcoal. 

Plumbago. 

Acids 

Metallic ores. 

Animal fluids. 

Water, and all damp sub- 
stances. 

Ice above 1 3^, Fahrenheit. 

Snow. 

Living animals and vege- 
tables. 

Flame, smoke, and steam. 

Soluble salts. 

RareHed air. 

Vapours of ether and alcohol. 

Damp earth and stones. 

Powdered glass. 

Flowers of sulphur. 



Claesijicalion of Insulators ac- 
cording to their instdat 
power. 

Gum-lac, gutta-percha. 

Amber. 

Resins, sulphur, wax, jet. • 

Glass, and all vitrifactions. 

Mica. 

Diamond, transparent gems. 

Raw silk, bleached silk, dyed 

silk. 
Wool, hair, feathers. 
Dry paper. 
Parchment, leather. 
Atmospheric air, when dry. 
All dry gases. 
Baked wood. 

Porcelain and dry marble. 
Camphor, indian>rubber. 
Lycopodlum. 

Dry chalk, lime, phosphorus. 
Ice below 13° Fahrenheit. 
Many dry transparent crystals. 
Oils, dry oxides of metals. 
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Conducting substances were, at one time, called 
non-electrics^ and non-conductors were called elec' 
tries; but the distinction is not founded on fact, 
because conducting substances, when insulated, will 
yield electricity by friction ; and besides, the ca- 
pacity of a substance for yielding electricity by 
friction does not seem to depend upon the insulating 
or non-conducting power of the substance. 

The atmosphere manifestly belongs to the class 
of non-conductors; if this had not be^i the case, no 
electrified body could have retained its electricity 
for any length of time. When air becomes rarified, 
it loses its insulating property ; thus, an electrified 
body soon loses its electricity when placed in the 
exhausted receiver of an air-pump. The electric 
fiuid spreads itself in a thin coating over the sur- 
face of the electrified body, and it is prevented 
from escaping by the pressure or tension of the 
surrounding air ; when this pressure is reduced be- 
yond a certain degree, the electricity escapes from 
the surface. 

ELECTROSCOPES. 

Electroscopes are 
instruments used for 
detecting the pre- 
sence of electricity in 
bodies; such as the 
suspended pith balls 
represented in Jig. 3. 
By means of an elec- 
troscope, we can 
readily show that 
there are two kinds 
of electricity ; the 
one being called po- 
sitive electricity, and 




ELECTBOSCOPES. 13 

the other negative electricity. There are various 
electroscopes, but the following one is easily made, 
and is quite delicate enough for all ordinary elec- 
trical experiments. 

To HAKE A SIMPLE Electboscope. — Take a nar- 
row strip of tinfoil; melt the end of a stick of 
sealing-wax; attach it to one end of the tinfoil, 
and draw the wax out into a fine thread, as shown 
in fig. 13., where x represents the tinfoil, and w 
the sealing-wax; place the stick of sealing-wax 
on the mantle-shelf m, and you will have con- 
structed a very useful electroscope, with which the 
following demonstrative experiments may be suc- 
cessfully performed. 

there are two kinds of electricitt. 

Make two simple electroscopes ; excite a stick of 
of sealing-wax, and also a dry glass tube; the 
electricity of the sealing-wax, which is said to be 
negative^ will be different from the electricity of 
the glass, which is said to be positive, as may be 
shown by the following experiments : — 

£xp, 1. Touch the strips of tinfoil with the 
excited glass tube, bring them near to each other, 
and they will fly from each other, as shown in No. 
I., fig* 14. Here the bodies repel each other, be- 
No. 1. No. 2. No. S. 






Pig, 14. 

cause they are electrified in the same way, that is 
to say, they are both in a state of positive or plus, 
-f , electricity. 
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Uxp» 2. Perform the same experiment with the 
excited sealing-wax, and the strips of tinfoil will 
repel eiich other, as shown in No. 3.,^^. 14, Here 
the bodies are both in a state of negative or minus, 
•— , electricity. 

Exp. 3. Touch one of the strips of tinfoil with 
the excited glass tube, and touch the other strip 
with the excited stick of sealing-wax ; bring the 
strips thus electrified near each other ; they will be 
powerfully attracted to each other, as shown in 
No. 2,^ Jig, 14., thereby proving that the electricity 
generated by the friction of glass is different from 
the electricity generated by the friction of sealing* 
wax. 

These experiments may be readily performed 
with one electroscope in the following manner : — 

Exp, 4, Bring the excited stick of sealing-wax 
near the strip of tinfoil ; it will be first attracted, 
and then it will remain permanently repelled. Any 
other excited stick of sealing-wax, or any excited 
resinous substance will repel the electrified strip. 
Now bring an excited glass tube near to the elec- 
trified tinfoil ; it will be instantly attracted. 

From these experiments we derive the following 
law, relative to the two kinds of electricity : — 

Bodies electrified in the same way repel 
one another ; bodies electrified in different 
WAYS ATTRACT ONE ANOTHER. Or we may express 
this law by simply stating, that like electricities 

REPEL, AND UNLIKE ATTRACT. 

By this law of electrical polarity we may easily 
ascertain to which kind of electricity any excited 
body belongs. 

Exp, 1. Suppose we wish to know whether the 
excited brown paper of exp, 5., p. 4,, is positive or 
negative. 

Touch the strip of tinfoil T,y?<7. 13., with an ex- 
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Cited stick of sealing-wax, and the tinfoil will he 
negatively electrified : now bring the excited brown 
paper near to the strip of tinfoil ; it is repelled ; 
therefore the paper is electrified in the same man- 
ner as the sealing wax, that is, it is in a state of 
negative electricity. 

Or we may proceed as follows : — Touch the tin- 
foil of the electroscope with an excited glass tube ; 
bring the excited paper near to the tinfoil ; it is 
instantly attracted, thereby showing that the elec- 
tricity of the excited paper is unlike the electricity 
of the excited glass, that is, the electricity of the 
paper is negative. 

JExp. 2. Perform the same experiment with 
excited sulphur. It will be found to possess nega- 
tive electricity. 

JExp, 3. Rub a glass tube with a black cat's 
skin ; test the electricity of the glass ; it will be 
found to be negative, thereby showing that the 
same substance may be positively or negatively 
electrified, according to the nature of the rubber. 

JExp, 4. Test the electricities of the two sheets 
of brown paper of exp, 6., p. 4 ; the upper sheet 
will be negative, while the bottom sheet will bo 
positive. 

After separating the sheets of brown paper, place 
them on opposite sides of the tinfoil ; it will fiy 
with great rapidity backwards and forwards from 
the one sheet of paper to the other. 

£xp. 5. Hold an excited stick of sealing-wax 
and an excited glass rod near to the tinfoil of the 
electroscope ; the tinfoil will fiy backwards and 
forwards from the one to the other. Perform the 
same experiment with the fiying feather of exp, 3., 
p. 3. 
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TO SHOW THAT ELECTRICITY REMAINS \ON THE 
SURFACE OP A NON-CONDUCTOR WHEN IT IB ELEC- 
TRIFIED, THAT IS TO SAY, THE ELECTRIFIED FLUID 
DOES NOT PASS FROM ONE PART OF THE SURFACE 
TO ANOTHER PART. 

Experiment Excite the whole surface of a piece 
of sealing-wax with dry silk ; run the fore-finger 
down one side of the excited sealing-wax ; toucli 
the tinfoil of the electroscope with that side of the 
sealing-wax from which the electricity has not been 
taken away, then the tinfoil will be repelled ; turn 
the sealing-wax round, then the tinfoil will no 
longer be repelled. Here it will be seen that the 
electricity does not spread itself from one side of 
the sealing-wax to the other side. 

THE ELECTRICITY OP THE RUBBER IS DIFFERENT 
FROM THE ELECTRICITY OF THE BODY WHICH 13 
RUBBED. 

Exp, 1. Lay a piece of dry silk upon the table, 
and rub it with a stick of sealing-wax ; lift up the ex- 
cited silk by one corner, and touch the tinfoil of the 
electroscope with it, then the tinfoil will be charged 
with positive electricity ; bring the excited sealing- 
wax near to the tinfoil, and it will be powerfully 
attracted, thereby showing that while the sealing- 
wax is in a negative state of electricity, the silk is 
in n positive state. 

Exp, 2. Tie a piece of silk or fiannel to the end 
of a stick of sealing-wax; rub a warm plate of 
glass with the insulated silk, taking care to hold 
the rubber by the insulating handle ; test the elec- 
tricity of the rubber and the excited glass by means 
of the electroscope, and it will be found that the 
silk rubber is negative, while the glass is positive. 
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Exp, 3. Rub a sheet of brown paper in the 
same manner. In this case the silk rubber will be 
positive, and the sheet of paper negative. 

TUEORIES OF ELECTRICITY. 

These experiments led some philosophers to con- 
sider that there was only one electric fluid, and 
that it existed in the glass, which was rubbed, in 
excess, or in a plus state, while it existed in the 
rubber in deficiency, or in a minus state. According 
to this theory, the friction deprives the rubber of a 
portion of its natural electricity, and transmits it to 
the glass, which thereby receives more than its 
natural share. This explains the use of the terms 
positive and negative electricity. However, as we 
shall afterwards show, it seems to be more simple 
for us to regard electricity as consisting of two 
fluids, which mutually attract each other, but, at 
the same time, each fluid is self-repellant — that is 
to say, its own particles repel one another. This 
theory fully accounts for the elf'ctrical attractions 
and repulsions; for when the electric fluids in two 
bodies are unlike, the bodies attract each other, by 
virtue of the mutual attraction of the two fluids ; 
and, on the contrary, when the electric fluids in the 
two bodies are like, the bodies repel each other, by 
virtue of the repellant property of the pai*ticles of 
the same fluid. When equal portions of the two 
fluids unite, they neutralise each other, and the 
electricity is then in a neutral or quiescent state, 
which is the usual state in which electricity exists 
in bodies. Friction disturbs the equilibrium of the 
two fluids, by separating the one from the other : 
the positive fluid attaches itself to the glass, while 
the negative fluid attaches itself to the rubber. The 
two fluids, in the natural state of bodies, as it were 
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hold each other ia tf state of inaction, and electrici tj 
is then said to be.Iatent or hidden. 

The Single Fluid Theory was adopted by 
Franklin, and after him bj most of the English 
electricians, until very recently, when the Theory 
OP Two Fluids, as above explained, which had 
been generally adopted on the continent, became 
more popular amongst us. It must, however, be 
be remembered that the great use of theory in this 
subject, is to group and classify the vast accumu- 
lation of facts which have been brought to light. 

CONDUCTION AND INDUCTION. 

Experiment Support a teaspoon, b c, or any 
thick metal wire, upon a stick of sealing-wax, s : 
this can easily be done by melting the wax, and 
fixing the spoon to it, as shown in^^. 13., page 12. 
Tlie spoon will thus form an insulated conductor. 

(1.) Hold the conductor B c by the insulating 
stick s ; bring the extremity c near to the tinfoil 
T of the electroscope ; then touch the opposite ex- 
tremity B with an excited stick of sealing-wax ; the 
tinfoil will be attracted and then repelled. Here 
the metal b c conducts or conveys the electricity 
from the sealing-wax a to the tinfoil t« This is 
an example of conduction ; b c may be any con- 
ducting substance. 

If the intervening substance b c were glass» or 
any other non-conductor, the tinfoil would not be 
affected by the contact of a with the extremity b. 

(2.) Bring the extremity c, of the conductor, at 
the distance of about half an inch from the tinfoil ; 
hold the excited stick of sealing-wax a at about 
the same distance from the extremity b; then t 
will be electrified negatively, which can readily be 
tested in the usual way. This is an example of 
electrical induction : Take a away and all signs 
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of electricity will have disappeared from the con« 
dactor BC. Here the electricity is conveyed or 
transmitted from the electrified body to the tin- 
foil through the air, and not by the contact of the 
conductor with the electrified body. Electrical 
induction, then, takes place, when electricity is 
transmitted from one body to another body at some 
distance from it. The phenomena here exhibited 
may be explained as follows : — 

The negative electricity on a repels the negative 
electricity in the conductor b c, and attracts its posi- 
tive electricity ; the consequence is the equilibrium 
of the two fluids in the conductor is destroyed, tlie 
negative fluid flies towards the extremity c, and 
the positive fluid is attracted towards the extremity 
B. Hence the tinfoil is first attracted towards c, 
and then repelled from it. And, upon withdrawing 
the conductor, the tinfoil will remain electrified 
negatively. To prove this, bring an excited stick 
of sealing-wax towards the tinfoil t» and it will 
be repelled. 

(3.) Perform the same experiment with an ex- 
cited glass tube a. In this case the extremity 
will be positive, and the tinfoil will be charged with 
positive electricity. 

(4.) Repeat exp, 2., and before taking the elec- 
trified sealing-wax a away, ^rst touch c, and then 
take A away ; the conductor will remain positively 
electrified, which will be shown by its now at- 
tracting T. If we touch the extremity b, the con- 
ductor will remain electrified negatively. 

These eflects may be readily explained. When 
we touch the extremity c we take away the free 
negative electricity, and then when a is taken away 
an excess of positive electricity remains in the con- 
ductor. In like manner when we touch the ex- 
tremity B we take away the free positive electricity, 
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and then when a is taken away the conductor b g 
remains charged with negative electricity. The 
truth of these results may be readily verified in the 
usual way. Observe that the tinfoil t vtrill always 
remain charged with the electricity of the extremity 
c of the conductor. 

Electrical attractions are readily explained upon 
the principle of induction: by the action of induction, 
the body which is attracted is in a different state 
of electricity from that of the body charged with 
the electricity. 

The following apparatus depends upon the prin- 
ciple of induction. 

tate's simple gutta-peucha electrophorus. 

Take a toy tin plate, costing one penny; heat the 
bottom of the plate over the flame 
of a candle, and fix a stick of 
sealing-wax, a, as shown in^^. 
15., to its upper surface; lay a 
sheet of gutta-percha (or a sheet 
of warm brown paper, as the case 
may be) upon a smooth table, and 
excite the sheet in the usual way; ... 

place the tin plate upon the sur- '^' 

face of the gutta-percha, and, after touching the 
plate with the finger, lift it off the gutta-percha, by 
means of the insulating handle ; apply the knuckle 
to the tin plate, and a spark of positive electricity 
will be received. This may be repeated for about 
a hundred times, without any sensible diminution 
in the size of the spark. 

Here the friction of the gutta-percha generates 
negative electricity ; and therefore, when we touch 
the plate, we take away a certain portion of negative 
electricity from it, and consequently when the plate 
is raised, it must contain an excess of positive 
electricity. 
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In order to give a continuous charge to a con- 
ductor, place the insulated tea-traj, represented in 
Jig. 9., directlj above the edge of the plate a of 
the electrophorus, so that when the plate is lifted off 
the sheet of gutta*percha it shall strike against the 
edge of the tea-tray. In this waj a rapid succession 
of sparks will be transmitted to the tea-tray, which 
will, consequently, become powerfully charged with 
positive electricity. An electrical jar, having its 
knob placed near to the edge of the tea-tray, will be 
soon charged with positive electricity. 

By means of this electrophorus, the following 
demonstrative experiments may be readily per- 
formed. 

TO SHOW THAT POINTED CONDUCTORS DRAW OFF 
El^ECTRJCITY FROM AN ELECTRIFIED BODY. 

Place a common toasting-fork upon a dry wine- 
glass, as shown in fig, 16.; bring the electrified 
plate of the electrophorus near to the points of the 
fork, then ft spark may be taken from its opposite 
extremity. 




mg. 16. 

TO EXHIBIT ELECTRICAL INDUCTION AND 

CONDUCTION. 

Place a poker upon a dry wine-glass, as shown 
in fi^. 17., touch one extremity of the poker with 
the electrified plate of the electrophorus, and a 
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Bpark may be recdred finom the opposite extremity, 
thereby diowing that the iron is a conductor of 
electricitj. 




FSff. 17. 

To show the indaction of electricity in this case: 
Bring the electrified plate of the electrophorus near 
to one extremity, d, of the poker, but not so near 
as to transmit a spark ; then a spark of positive 
electricity may be received from the opposite ex- 
tremity c. 

The tinfoil needle electroscope. — In order to 
render the law of ioductioh more appajrent, con- 
struct an electroscope, a p j (see /ig. 17.). Take 
a strip of card-paper, a p b, about six inches long, 
and half an inch wide; attach narrow strips of tin- 
foil to the extremities of the card-p&per, by means 
of insulating knobs of sealing-wax, and balance the 
card-paper, on a small indentation made at its centre, 
on the point, p, of a pin passed through a cork and 
placed on the top of a wine-glass, j. With the view 
of adjusting the balance, two small rings of indian- 
rubber are placed on the card, one on each side. 
This will form a delicate electroscope, which may 
be used in conducting some interesting experiments 
hereafter to be described. 

Bring the strip of tinfoil, of this electroscope, 
lar to the one extremity of the poker (see Jig. 17.)^ 
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and then bring the insulated plate of the electro- 
scope near to the other extremity, and the needle 
will be deflected ; the tinfoil being electrified with 
positive electricity : touch the extremity c with 
the finger, then take away the plate of the electro- 
phorus, and the needle of the electroscope will 
return to its first position ; for the poker will be 
left in a negative state of electricity, while the tin- 
foil of the electroscope will be in a positive state^ 
and so on to other experiments of this kind, illus- 
trating the great law of electrical induction. 

A remarkable c€^e of induction, — Place a small 
tea-tray t upon a dry wine glass J, and upon this 
tray place the electroscope just described, as shown 
in Jig, 18. ; charge the tea-tray t with positive 




Fig. 18 

electricity, by means of the electrophorus, described 
at page 20 ; then because the tin-foil c b is insu- 
lated, by the action of induction, the lower extre- 
mity c will be negative, while the upper extremity 
B IS positive. Touch the upper extremity b of 
the tinfoil cb, and it will remain charged with 
negative electricity ; now, bring the band, over the 
tray, near to the extremity c of the tinfoil, and it 
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>vill be instantlj repelled, giving the appearance of 
the hand as being negatively electrified, which, in 
fact, it really is from the induction of the tray t. 

To eUctrify a Tin Plate either negatively •r posi- 
tively^ by means of the Electrophortis, 

(1.) Place the tin plate a upon a dry wine-glass 
(see^^. 19.); charge 
the plate b of the 
electrophorus posi- 
tively, after the 
manner described at 
page 20., and bring 
it near to the insu- j 
lated plate a (with- ^ 
out allowing a spark 
to pass from the one 
to the other); touch 
the plate a, and a 
spark of positive " 
electricity will be -^'>*^^- 

received from the inductive action of the plate b ; 
first take away the knuckle, and then take away the 
plate B, and the plate A will remain charged with 
negative electricity. 

(2.) To electrify the insulated plate a positively ; 
simply touch it with the charged plate B of the 
electrophorus. 

To exhibit the dancing balls. — Put a few small 
pith balls into the plate A (see^^jr. 19.) ; bring the 
electrified plate b over them, as shown in the figure, 
and they will appear to jump up and down. 

The electric bell — ^Place a damp wine-glass C (as 
shown in ^g, 20.), near to the insulated plate A; 
suspend a small brass ball, or button, d, from 
a dry silk thread, between the glass and the 
plate ; electrify, time after time, the plate a, 
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bj means of the electro* 
phorus ; and the ball d 
will oscillate between 
the plate and the glass, 
thereby producing a 
tingling sound. 

The electrical pendu^ 
lum, — This instrument 
is represented in ^.21. 
A and B are two insulated 




Fig. 20. 



plates; the one is charged with positive and the 
other with negative electricity : e f is a strip of 
card-paper, having a pin, p, passed through it, and 




Fig. 21. 

a piece of pith, e, attached to its upper extremity, 
by means of an insulating knob of sealing-wax ; 
the pin f of the pendulum b f is supported on 
the edges of two wine-glasses, which are not shown 
in the cut The apparatus is adjusted so as to 
allow the insulated pith £ to oscillate between the 
edges of the plates a and b. With the view of 
causing the lower extremity f to preponderate, a 
small diding ring of indian-rubber is placed on the 
portion f e of the pendulum. 

The electrical hammer, — This simple piece of 
apparatus is represented in ^.22. Here the pen- 
dulum E F of the apparatus just described, is sup- 

D 
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ported in a horizontal position in the manner already 
described ; the pith 

knob B, in this ^ ^^ ^^ \ # ^ 

case, oscillates be- 
tween the electri- 
fied plate A and 
a conductor d. 

Tate's electrical rtg.22. 

revolver, ~» Tina simple and interesting piece of 
apparatus is represented in Jig. 23. f and r 





Fig. 23. 

are two insulated plates charged with different 
kinds of electricity, (see p. 24.); A b j is the 
tinfoil electroscope, described at p. 22. y placed be- 
tween the electrified plates e and f, so that the lower 
extremities of the strips of tinfoil may nearly touch 
the plates £ and f. When the plates are electrified, 
the electrical needle a b rapidly revolves upon its 
centre p ; the plates charge the insulated strips of 
tinfoil as they pass them, so that the plates attract 
the strips of tinfoil, when they are on one side, and 
repel them when they are on the other side. The 
charge of the plates must be time after time re-* 
newed. The action of the instrument is improved by 
placing a conducting knob Q mid- way between the 
two plates E and f, so as to discharge the electricity 
of the strips, as they pass the conducting knob. 
All the aparatus we have hitherto described may 
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be easily constructed at a verj small cost, bj any 
person of ordinary skill and patience. For various 
simple contrivances, and for fuller explanations of 
construction, the reader - may consult the writer's 
work on ** The Construction of Philosophical 
Apparatus."* 

* **Na 1. On the Constraction of certain new and simple 
Pieces of Electrical Apparatus.** Lc-ngman and Co. 
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ELECTRICAL MACHINES. 

Electrical machines are used for generatin*' 
electricity bj friction on a large scale. They coiT- 
8i8t of three leading parts. The rubber is a soft 
hair Cushion, covered with leather, or with some 
substance, which readily generates electricity by 
friction. The body on which the rubber acts, is 
either a Glass Cylinder, or a circular Glass 
I'LATE, which turns upon an axis. The receiver of 
the electricity is called the Primb Conductor; it 
is a thin brass cylinder, or a brass rod, mounted on 
a glass pillar, or some insulating material The 
action of an electrical machine is simply this • the 
glass cylinder, or the glass plate, as the case may be 
upon being turned, rubs against the cushion, and 
thereby generates electricity upon the surface of 
the glass, which is continually carried round to the 
prime conductor. 

THE COMMON CTUNDRICAL MACHINE. 

1 . K^'^f' represents an electrical machine of this 
kind. The glass cy- 
linder A B, which 
rests on an axis 
passing through c, 
IS made to revolve 
by means of the 
wheels c and d con- 
nected by a band, 
the wheel d being 
turned by means of 
the handle R; the 
cushion h, which 
rubs against the 
cylinder, is mounted on a glass pillar, i, which 
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slides in a groove at the foot, for the purpose of 
ndjusting the ■ pressure upon the cylinder; the 
chain K L connects the cushion with the ground ; 
a flap, B, of varnished silk, passes from the cushion 
over tho cylinder, for the purpose of preventiug the 
escape of the electricity into the air; the prime 
conductor M N, mounted on the glass pillar o p, has 
a row of points projecting from the extremity h, 
and coming nearly in contact with the surface of 
the glass cylinder. As glass is liable to collect 
moisture on its surface, it is usual to cover all the 
insulating pillars, as well as all those parts of the 
cylinder which do not touch the cushion, with a 
coating of varnish, which has a higher insulating 
property than glass. 

Fig. 25. shows the construction of the cushion ; 
where H is the rubber, with an adjust- „ 

ing spring fixed behind it, for keeping 
it continually pressed against the cy- 
linder; K the brass knob, or ball, for 
attaching the chain. 

Fig. 26. shows the form of the row 
of points attached to the prime con- 
ductor. 

When the cylinder is turned round 
by the handle u ; positive electricity is 
generated on the surface of the cylinder, 
and negative electricity on the cushion. 
The latter is carried off by the chain to 
the ground. The positive electricity is 
carried round to the points of the prime 
conductor, where it acts by induction on 
the natural electricity in the conductor, 
that is, by attracting the negative fluid 
and repelling the positive. The ne- 
gative fluid, escaping by the points, unites with 
the positive fluid on tho cylinder, and thereby 

p 3. 
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restores the surface of the cylinder to its natural 
state, so that when it arrives again at the rubber 
it is prepared for another charge of positive fluid ; 
at the same time the prime conductor is left charged 
with positive electricity. According to this theory, 
the negative electricity of the conductor is continu- 
ally passing off by the chain attached to the cushion, 
which constantly keeps the conductor charged with 
positive electricity. By detaching the chain from 
the cushion, and placing it on the prime conductor, 
we are able to charge the cushion with negative 
electricity. 

With the view of increasing the efficiency of the 
machine, the cushion is covered with an amalgam 
of zinc and tin. According to Singer, the beet 
composition of the amalgam is two parts by weight 
of zinc, one of tin, and six of mercury. The mercury 
is added to the mixture of the zinc and tin, when in 
a fluid state, and the whole is then shaken in a 
wooden box, until it is cold ; it is then reduced to a 
powder, and mixed with a sufficient quantity of 
lard to reduce it to the consistency of paste. A 
thin coating of this paste is spread over the cushion ; 
but before this is done, all the parts of the machine 
should be carefully cleaned and warmed. Black 
spots and lines are readily taken from the glass, . by 
applying a rag dipped in spirits of wine ; and the 
efficiency of the machine is greatly promoted by 
applying, with the hand, a piece of leather covered 
with amalgam to the cylinder. 

THE COMMON PLATE MACHINE. 

Fig, 27. represents a machine of this kind, a b 
is a circular plate of glass, turning on a horizontal 
axis C, by means of the winch or handle d; the 
plate is embraced at e by two cushions, the pres- 
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sure of which is adjusted 
by screws ; two similar 
cushions are placed at b' ; 
flaps, proeeeifing from tlie 
cushions, cover the glass at 
the spaces shown in tlie 
Hgure to about half an inch 
from the points on each 
side of the conductor! the g 
conductor, p o u i>, is a 
small brass tube, or cylin- 
der, bent so as to suit the ^'9- ^'^• 
plate, and supported by a glass rod f'u, attached to 
the upright frame e; pq^ running parallel to the 
surface of the plate, is that part of the conductor 
which curies the points, and a similar bent branch 
with points is formed at f. When the handle I> 
is turned in the direction of the arrow, the cushions 
at the top, as well as those at the bottom, generate 
electricity ; the points at f receive the electricity 
generated by the cushion E, whilst those at PO 
receive the electricity generated by b'. In order to 
prevent the escape of electricity, all the extremities 
of the conductor are terminated in brass balls or 
globes. The principle on which this machine acts, 
is precisely the same as that of the common cylin- 
drical machine. This machine, cost for cost, is 
more powerful than the cylindrical one, but tlio 
difficulty of insulating thn rubbers, so as to obtain 
the negative fluid, is certainlj' an objection to it. 

Tnt! Haerleu Plate Machine, represented in 
fiff. 28., fully remedies this deficiency in the com- 
mon plate machine. The glass plate is fixed to 
the axis D; the two cushions are insulated on glass 
pillars, E and F i C B c' is the bent ai-m of tlie prime 
conductor, armed with points, and insulated on the 
glass pillar gj in order to connect the cushio' 
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with (lie ground, there 
conductor, Bimilor to 
C B O', proceeding from 
the axis at I>, and reach- 
ing to the balls of the 
two cuBhions. 

Wlien it is required 
to charge the conduc- 
tor B with negative elec- 
tricity, the semicircular 
rod B c' is moved into 
a horizontal position, 
thereby bringing the 
pointa opposite to the 
two cushioas, at the 
same time the other Rjr.as. 

semicircular rod, on the opposite side of the plate, 
is moved round into a vertical position, thereby 
bringing its points at the top and bottom parts of 
the plate. 
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Fig. 29. represents another form of tlie plate 
machine; where is the prime eondoctor, mounted 
on the glass pillar K ; 6 G the glass pkte ; g the 
winch ; B B the cushions ; s s' the flaps, &c. ; e a 
quadrant electrometer inserted in the conductor, to 
determine the quantity of electricity with which it 
may be discharged ; and aa, bb an apparatus sus- 
pended from the conductor to illustrate the principle 
of electrical attraction and repulsion. 

APPENDAGES TO ELECTRICAL MACHINES. 

TTie insulaHng stooly represented \ujig. 30., con- 
sists of a board of hard, well-baked wood,, supported 
on glass legs covered with varnish. It is useful for 
insulating any body 
charged with electri- 
city; for instance, a 
person may stand upon 
the stool and become 
charged with electric 
city, upcm being put 
in connection with -riy. w* 

the prime conductor of the electrical machii»e. 

IMscharging-rods are brass rods terminating 
with balls, or with 
points, fixed to glass 
handles. With these 
rods electricity may 
be taken horn a 
eonductor without 
allowing the elec- 
trical charge to pass 
through the body of 
the operator. 

Fig. 3 1 . represents a 
common discharger; 
where A is the glass 
handle, c e d the brass rod ; c and d the balls. 





Fig, 31. 




31 ELECTRICITY. 

Fig* 32. represents a double-liandled jointed dis- 
charger; where a and b 
are the glass handles, e 
the joint, &c. 

The Leyden jar con- 
sists of a glass cylinder, or 
wide-mouthed bottle t (see 
fig. 31.), both surfaces of 
which are coated with tin- 
foil up to about 3 inches 
of the top. The coating of 
tinfoil on the outside of pig 32. 

the bottle is called the 

outer coating, the other on the inside is called the^ 
inner coating. Electricity. i& transmitted to this 
coating by means of a metal rod k a, terminated at 
the upper extremity by a knob k^ and at the lower 
extremity by a chain which comes into contact with 
the inner coating of the jar. The rod is fixed by 
passing tightly through a wooden plug, which fits 
firmly into the neck of the jar. Those portions of 
the glass which are not coated with the tinfoil are 
covered over with a thick coating of wax, to pre- 
vent a reunion between the electricity of the outer 
coating and that of the inner coating. When the 
jar is to be charged, it is held in the hand by the 
outer coating, and the knob k is brought near to 
the conductor of the electrical machine. While 
spark after spark of positive electricity enters the 
jg.r, the positive electricity, on the principle of in- 
duction, is driven off from the outer coating, so 
that while the inner coating becomes charged 
with positive electricity, the outer coating becomes 
charged with negative electricity in a manner which 
will be hereafter more fully explained. When the 
jar is to be discharged, the operator, holding the 
discharging rod by the ;:;las8 handle a, brings on^ 
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knob c in contact with the outer coating, and then 
gradually brings the other knob d near to the 
knob K of the jar; the reunion of the two fluids 
(the positive from the inner coating and the nega- 
tive from the outer coating) takes place between 
the two knobs D and k, with a bright spark and 
a snapping noise. 

The universal discharger^ represented in^;^. 33.j 
consists of a dry deal, on which two ^las^ pillars^ 
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A and B, are fixed ; two brass rods, a b and a b^ 
capable of turning, on a ball and socket joint, in 
any direction, and also capable of 'sliding in the top 
balls ; the knobs a a are applied to a wooden table 
tj which admits of being raised or depressed, by 
means of an adjusting screw v ; a narrow strip of 
ivory is inlaid across the table ; the knobs a a may 
be screwed off, and replaced by points, or by forceps. 
This piece of apparatus is much used for passing 
strong charges of electricity through any substance. 
The quadrant electrometer. — This instrument is 
used for Indicating the quantity of 
electricity accumulated in the prime 
conductor of the machine. It consists 
of a vertical stem or rod, which admits 
of being inserted in a hole made in 
the prime conductor ; to the side of 
this stem is fixed a graduated quad- 
rant, carrying a light needle or rod, Fig, 34 
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terminated by a pith ball; this light needle 
turns on a pivot, o, fixed in the centre of the 
quadrant. When the machine is not in action, 
the light needle hangs parallel to the vertical stem, 
but virhen the machine is worked the needle is re- 
pelled from the stem, and the height to which it 
ascends indicates the amount of electricity accu- 
mulated in the prime conductor. 

A FEW EAST EXPERIMENTS WITH THE ELECTRICAL 

MACHINE. 

Exp. 1. Work the machine; bring your knuckle 
near to the prime conductor; a vivid and instanta- 
neous flash, accompanied with a snapping noise, 
passes between the conductor and your hand, which 
produces a slightly painful sensation : — ^this is tiie 
electric spark. 

A spark will be commiiinicated to any conductor. 
Hold a stick of sealing-wa^, or any other non-con- 
ductor, to the prime conductor; no spark will be 
received. 

JSxp. 2. Fix the quadrant electrometer on the 
prime conductor ; work the machine, and observe to 
what height the pith ball is repelled. Hold the point 
of a sewing needle near to the conductor ; observe! 
the pith ball of the electroscope instantly falls. Take 
sparks from the conductor ; observe! the pith ball 
falls at the instant each spark is taken. 

Exp. 3. Let a boy stand on the insulating stool, 
and let him place one of his hands on the prime 
conductor ; work the machine ; take sparks from 
his body : see I how he winces from the smart- 
ing sensation they produce, especially when taken 
through his clothes^ See^. 35. 

JEjsp, 4. Charge a Leyden jar fully, and discharge 
it with the jointed discharging rod : see ! what a 
'ivid spark it gives. 
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Charge the Leyden jht (with about half a 
dozen spat-kg) grasp the outer coatiDg with one 
band, and touch the knob with the other The 




electric fluid, in passing through your body, gires 
you what is called an electric suock. 

Let a few boys Form a ring by takiug hold of 
each other's hands; let the ilrst boy in the ring 
grasp the onter coating of the charged jar, and let 
the lost boy touch the knob ; instantaneously all 
the boys in the ring will receive a shock. 



38 



EI.ECTKFCITT. 



ELECTRICAL ATTRAC'HON AND 
REPULSION. 

This subject has been fully explained, in the pre- 
liminary portion of this work, in relation to a 
numerous class of simple experimental facts. But 
the electrical machine enables us to exhibit the 
various phenomena of electrical attraction and re- 
pulsion in the most striking manner. 

JExp. 1. Repulsion of electrified threads. — Take 
a skein of linen threads, and, after tying them to- 
gether at each end, suspend them from the prime 
conductor of the machine. When the handle of 
the machine is turned the threads will become 
electrified, and will repel each other, so that they 
will swell out in the middle, forming a figure re- 
sembling the meridian lines on a globe. 

Exp. 2. The frightened head of hair, — Fix a 
doll's head of hair in the prime conductor ; work 
the machine, and the hairs will appear to stand on 
end, from their mutual repulsion, presenting an ex- 
aggerated appearance of a person in a state of fright. 

Present a pointed rod to the hairs and they will 
immediately collapse. 

A bunch of large downy 
feathers, inserted into the hole 
of the prime conductor, will 
present a similar appearance. 

Exp. 3.. The electrical dance. — 
In this experiment, a metal plate 
is suspended, by a chain, from the 
prime conductor ; a few inches 
below this plate, another plate is 
placed in connection with the 
earth ; and some light figures are 
placed upon 'the bottom plate, as ^^9- 36. 
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shown in fig^ 36. When the machine is worked, tbe 
fjgurea appear to dance, or to jump up and down, 
from the one plate to the other, in a Terj grotesque 
manner. . 

Exp, 4. Tke dancing ballt. — Here n number of 
cork or pith balls are placed upon a metal disc p, 
communicating with the 
gronnd, and the whole of them 
nre covered with the glass bell 
B, whose upper part is open, 
and provided with a collar of 
leather, through which a rod 
RD passes, carrjiog at its lower 
extremitj a metal disc D. By 
this construction, the upper 
disc D can be placed at any 
convenient distance from the 
lower disc p. The ring b of 
tho rod is put in communica- 
tion with the prime conductor, ^'H- 37. 
60 that when the machine is worked, tho balls ar : 
attracted by the plate v, and then repelled from it, 
being charged with positive electricity ; now when 
they touch the bottom plate p, the electricity is 
taken from them, and they are 
thus prepared to be again attracted 
by the plate D, and so on. 

We may make this experiment 
. in a more simple manner by using 
a glass tumbler, whose interior . 
surface has been electrified by ^ 
touching its different parts with 
the pointed extremity of a melal 
rod fixed in the conductor of 
nn electrical machine in action. 
The glass is then inverted upon 
a table, over a lot of pitli balls ; 
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the balls immediately begin to dance, being alter- 
nately attracted and repelled by the electric fluid 
on the interior surface of the glass, as shown in 
fig, 38. 

Exp, 5. The electrical bells, — The alternate 
attraction and repulsion of electrified bodies is beau- 
tifully illustrated in this piece of apparatus, which 
is of some importance, inasmuch as it is frequently 
employed in tropical countries to detect the presence 
of an electrified cloud. A glass pillar supports two 
metal rods, ▲ b and c i>, from which four bells, 
A^ b' c' d', are suspended by chains. A central bell 
G, at the foot of the glass pillar 
K F, is placed on the wooden stand 
K ; a chain, o K, connects this bell 
with the ground. From the ex- 
tremities of the rods A b and c is 
four small brass balls, H H, are 
suspended by silken threads. 
When the machine is in action, 
the cross rods are put in connec- 
tion with the prime conductor, and 
the four bells a' b' & t)' become 
charged with electricity, and con- 
sequently attract and repel the insulated balls h h. 
When the balls h h are repelled they strike the bell 
6, to which they give up the 
electricity they received from the 
electrified bells, and this electri- 
city is carried off by the chain gk. 
The tingling noise thus produced 
will continue so long as electri- 
city is supplied to the bells a' b' 
c' d'. 

Fig. 40. represents a simpler 
apparatus of this kind, where the 
btlls are hung from a brass rod Fi^ 40. 




Fig, 39. 
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A B, which may be suspended from the prime con- 
ductor. In this form of the apparatus the central 
bell is suspended by a silken thread, and is con-i- 
nected with the ground by means of the chain G k. 

Exp, 6. The electrical seesaw, — This consists 
of a small strip of wood (see^^'. 41.), about a foot 
long, covered with tinfoil, and insulated on c like 
a balance. 

A slight preponderance is given to it on the side 
a, where it rests on a metal 
ball m, at the top of a brass 
wire; p is an insulated 
metal ball. The ball p is 
connected with the inte- 
rior coating of an elec- ^»^-.4i. 

trical jar, while m is connected with its exterior 
coating. When the jar is charged, the seesaw 
motion will immediately be produced. The cause 
of this motion depends upon the common principle 
of electric attraction and repulsion. 

This experiment will succeed quite as well by 
simply connecting the ball p with the prime conduc- 
tor of the machine, and the ball m with the ground. 

Exp, 7. The electrified water, — Here a little 
metal b^icket, b, hav- 
ing a small hole in its 
bottom, is suspended 
from the prime con- 
ductor of the electri- 
cal machine. The 
hole in the bucket is 
so small that the wa- 
ter merely falls from 
it in drops when the 
machine is not in ac- 
tion; but when the 
machine is worked Fig. 42. 

£ 3 
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the water runs from the hole in a conttnaous 
stream, owing to the repulsion which takes place 
amongst the particles of the electrified water. 

The same experiment may be performed by 
inserting a siphon, d c, having a small bore, into 
the water, as shown in Jig, 42. 

A similar effect would be produced by suspending 
a sponge, saturated with water, from the prime con- 
ductor of the machine. 

Exp, 8. Electrified sealing'wax, — Ignite the 
extremity of a stick of sealing-wax, and when it is in 
a full state effusion, blow out the flame and bring the 
melted wax near to the prime conductor of the ma- 
chine ; numerous fine filaments of wax will fly to 
the conductor, and will adhere to it, forming upon 
it a sort of network like wool. This is a simple 
case of electrical attraction. The experiment will 
succeed best if a small piece of ivax is attached to 
the end of a metal rod. 

Exp, 9. The electrical swing consists of a light 
figure placed upon a swing, formed by a silk thread. 
The light figure swings between two balls, one of 
which is insulated and put in connection with the 
prime conductor, the other ball being put in con- 
nection with the ground. The principle of this ap- 
paratus is the same as that of the electricarseesaw. 

Exp, 10. The electrical swan, — In this experi- 
ment a light piece of cork, or any other light sub- 
stance, cut in the shape of a swan, is made to fioat in 
a basin of water placed upon the insulated stool. 
The water is electrified by means of a chain which 
passes from it to the prime conductor. The little 
floating swan will approach any non*electrified sub- 
stance that may bo presented to it. 

In making this experiment, the cork should be 
first completely immersed in water, to render it a 
conductor of electricity. * 
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Eocp, 11. The eiectriccd spider,'-^ An electrical 
jar L bas a ball b connected 
Tvith its exterior coating. When 
the jar is charged with the posi* 
tive electricity of the prime con- 
ductor, any light substance, such 
as a representation of a spider, 
•suspended between the knobs 
a and 3, will oscillate between 
them. ^V- 43. 
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LUMINOUS EFFECTS OF ELECTRICITY. 

THB ELECTRIC SPARK. 

When the knuckle, or a brass ball at the end of a 
rod, is pre- 
sented to the 
conductor of a 
machineinfuU 
action, a spark 
is produced by ^. ^^ 

the passage of 

the fluid from the conductor to the knuckle. The 
spark has a zig-zag form, similar to a flash of 
forked lightning. The length and intensity x>f the 
spark depends upon the power of the machine. 
Sparks may be taken from the prime conductor of 
a very powerful machine, at the distance of twenty 
or thirty inches. When the continuity of a con- 
ducting substance, such as tinfoil^ is broken at 
difierent parts, a spark will be produced at every 
place whei^re the course of the conductor is broken. 
A great variety of beautiful experiments may be 
made to illustrate this principle. These experiments 
should be made in the dark. 

Exp. L Luminous spangles, — Sew a number 
of tinfoil spangles on silk ribbon, about a quarter 
of an inch apart; hold the ribbon by one ex- 
tremity, and bring the other near to the prime 
conductor ; the electricity, in its passage from 
spangle to spangle, will form a beautiful line of 
light. 

Eocp. 2, The spiral tube. — This consists of 

"O glass tubes^ about a foot long, one of which is 

first cc within the other. The inner tube has 

conducts of tinfoil pasted on its outside surface 
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tlie form of a spiral. The two ends of the tubes 

o mounted with brass i P * \ u j " -^ j^ jk ^k \^ \ 
LPS. Hold the tube Cn-^— ■s^--s/- 2..>2viO 

f one of the brass ^9- ^^• 

ips, apply the other cap to the prime conductor ; 

beautiful spiral stream of electric light will pass 
rom one end of the tube to the other. 

A. spiral tube made to revolve within an electrified 
oop, produces a splendid effect. 

Spangles of tinfoil may be pasted on common 
window glass so as to produce various luminous de- 
ices, such as geometrical figures, or short words. 

£xp. 3. Ignition of spirits of wine, — ^Let a per- 
0D9 standing on the insulating stool (aeefig, 35.), 
ay one hand on the prime conductor, and with the 
>ther hand let him hold a warm teaspoon contain- 
tng spirits of wine ; let some other person present 
his knuckle to the spoon, and the passage of the 
spark will cause the spirits to ignite. 

^xp. 4. Ignition of tBtker on water. — Pour 
some water into a wine-glass, whose outer surface 
is perfectly dry ; pour some asther on the top of the 
water and connect the water, by means of a chain, 
with the prime conductor of the machine. Turn 
the handle of the machine, and present your knuckle, 
or a metallic ball, to the surface of the sether, and 
the electric spark will ignite the aether. 

Exp. 5. The electrical pistol — The electric 
spark will readily cause a mixture of hydrogen and 
common air to explode. The electrical pistol, re- 
presented hjjlg, 46., is commonly employed for this 
purpose ; a is a brass tube 4 

or barrel, open at one end ; g ^ ^ 

6 is a copper wire, insu- / ^t— — <* ^M B 

lated by its being inserted 
in an ivory tube, which 
passes through one side of Ff>. 46. 
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the barrel, and nearly touches the inner surface of 
the opposite side. Hold the mouth of the pistol over 
a stream of hydrogen gas, proceeding from a pipe ; 
after a sufficient quantity of gas has entered, close 
the moutli of the pistol with a cork c ; take a spark 
through the knob b, and the cork will be discharged 
with a loud report, from the explosion of the gas 
by the passage of the spark from the exti'emity of 
the wire to the inner surface of the barrel. In 
order to avoid any accident, the cork should be 
attached to the pistol by a loose string. 

£xp, 6. Ignition of common gas, — Let a person, 
standing on the insulated stool, touch the prime 
conductor with one hand, and with the knuckle of 
the fore-finger of the other hand let him transmit a 
spark to the orifice of a gaspipe from which a 
current of gas is being discharged ; and the gas 
will be ignited. 

Bring a candle with a long snuff, that has just 
been extinguished, near to the prime conductor, so 
that the spark passes from the conductor, through 
the smoke, to the candle ; it is relighted. 

DIFFERENT FORMS OF .THE ELECTRIC LIGHT. 

The intensity of the electric light depends, not 
only upon the density of the accumulated electricity, 
but also upon the density and nature of the gas 
through which the spark passes. Thus the spark 
is bright and short when it passes through dense 
air, but when it passes through rarified air it is 
long and diffused, and of a violet hue. The colour 
of the spark is also much influenced by the compo- 
sition of the gas through which it is transmitted, 
as well as by the nature and form of the conductor. 
In this way, a great variety of surprising and beau- 
tiful luminous experiments may be performed. 

Exp, 1. The electric light fr^sib^oints* — Place 



FORMS OP ELECTRIC LIGHT. 



47 




a pointed rod in the prime conductor charged with 
pK>sitive electricity, and the electric light will issue 
froin the point 
in the form of 
a brush. Try 
to take a spark 
from the con- 
ductor, when -Ft>. 47. 

the pointed rod is attached to it. 

Hold the point of the rod towards the prime con* 
ductor, and a star will be seen on the point. 

Attach the pointed rod to the insulated cushion, 
charged in this case with negative electricity, and 
the electric light will be seen in the form of a 
star. 

Insulate the cushion as well as the prime con-> 
ductor, and attach pointed rods to each of them, so 
that the points may be at the distance of four or five 
inches from each other; then, upon working the 
machine, a brush will be seen upon the point at« 
tached to the prime conductor, while a star will be 
seen upon the other point, presenting the appear- 
ance as if the conductor gave out its electricity, 
while the cushion received it. These phenomena 
were at one time considered as strong 
arguments in favour of Franklin's 
theory of electricity. 

Exp, 2. Passage of the electric light 
through rarefied air, — Fix a wire, ter- 
minated by a brass ball, to the plate, 
p, of an air pump ; attach a similar ball 
(by a sliding wire A b) to the top of 
the receiver B, so as to bring the 
one ball over the other, and at the 
distance of about one inch apart. Con- 
nect the outer ball b with the prime 
conductor, and the bottom plate p 
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with the insulated cushion. Upon turning the 
handle of the machine, a continuous stream of 
electric light will pass from the positive to the 
negative hall. While no light is exhibited bj 
the positive ball, a beautiful luminous atmosphere 
entirely surrounds the negative ball, giving the ap- 
pearance of a fluid in the act of passing out of the 
one ball and entering into the other. By altering 
the distance of the balls from each other, different 
aspects may be given to the electrical light. 

JSxp, 3. The electrical aurora borealis. — Instead 
of the receiver r of the last experiment, let a glass 
tube, about twenty inches long and three inches in 
diameter, be used ; and instead of the two discharg- 
ing balls, let two points be substituted. When the 
tube is exhausted of air, and the machine is worked 
in the dark, the whole length of the tube will be 
one sheet of violet red light ; if a small portion of 
air be admitted, numerous flashes will issue from 
the points and traverse the tube ; when a little more 
is admitted, these flashes will appear to glide in a 
serpentine manner down the interior of the tube. 
The succession of luminous phenomena, in fact, 
bears a striking resemblance to the aurora borealis. 

An aurora flacky sold by instrument makers, 
answers very well for exhibiting these phenomena. 

Exp, 4. The electric spark is blue when trans- 
mitted through nitrogen. 

Exp, 5. Parage of the electric light through the 
Torricellian vacuum. — Seal a short wire within one 
end of a glass tube about 32 inches long ; attach a 
brass ball to the external end of the wire ; fill a dry 
tube with mercury, and invert it in a cup of mer- 
cury ; a vacuum will be formed in the upper part 
of the tube; connect the ball with the prime con- 
ductor ; turn the machine, and a current of violet- 
coloured light will pass through the vacuum. 
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MECHANICAL EFFECTS OF ELECTRICAL 

POINTS. 

Whek the electric fluid discbarges itself from a 
pointed conductor, a reaction or recoil is produced, 
which may be used to give motion to certain deli- 
cate pieces of mechanism, in tbe same way as fluids 
are employed in tbe common reaction machines. 

Exp. J. The electrical wind. — Fix a pointed rod 
on the prime conductor; work the machine ; bring 
the back of your hand near to the point, and you 
will distinctly feel the electrical wind proceeding 
from the point. 

Bring the flame of a candle near to the point ; tlie 
flame will be extinguished by the electrical wind, 
chiefly caused by the repulsion of the electrified air 
from the point. 

Exp. 2. The electrical fly- wheeU— K metal cross 
turns on a pivot which is fixed on 
the prime conductor ; the points of 
this cross are all bent in the same di- 
rection ; when the machine is turned 
the fly revolves in the directions 
of the arrows, shown in the figure, 
that is, contrary to the direction in which the points 
are bent. 

The fly is sometimes mounted 
on an insulated stand, as shown 
in Jig> 50. 

Exp.^. The electrical orrery. — 
This instructive and elegant piece 
of apparatus is represented by 
/ig. 51.; where 8 represents the 
BUD, E the earth, and m the 
moon. The earth and the moon 
turn upon the pivot b, and the 
sun, with the earth and the moon 

F 
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turn upon the 

pivot A, which is 

placed in their 

common centre of 

gravity. The point 

AC is fixed on the 

prime conductor. 

The points a and ^^' ^^' 

G are so placed that all the pieces revolve in the 

same direction, that is, from west to east. 

JExp, 4. The electrical inclined plane. — Here 
the recoil of the elec- 
trical discharge from 
the points causes the 
fly to roll up an in-!- 
clined plane formed 
by two wires, A b and 
C D, supported by in- 
sulating pillars. One 
of the wires is con- 
nected with the prime '^* * 

conductor by means of the chain c k. 

JExp, 5. Repulsion of a point — ^Bringan insulated 
point, connected with the prime conductor, near to 
the electrical swan (see exp, 10. p. 42.), then, instead 
of being attracted, it will be repelled. This is caused 
by the repulsion of the electrified air from the 
point. 

On this principle a light paper wheel may be 
made to revolve upon a pointed conductor being 
presented to its sails. 

The following remarkable experiment depends 
upon the same principle : 

Pieces of phosphorus are put into the two metal 
cups A and b insulated on glass pillars ; a candle, c, 
is placed exactly between them ; the cup A is con* 
nected with the prime conductor, and the cup b with 
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the insulated cushion ; when the machine is worked, 
the electric wind, blow- 
ing from the positive cup 
A. to the negative cup b, 
causes the flame to fly ' |j W 
towards the cup b, and to 
beat it, so as to ignite the 
phosphorus. 

This experiment was at 
one time thought to be 
a decided argument in 
favour of the single fluid 




Fig. 53. 



theory ; but the phenomenon may be satisfactorily 
explained upon the theory of two distinct fluids. 
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PECULIAR APPLICATIONS OF THE 
PRINCIPLE OF INDUCTION. 

The principle of induction has already been ex- 
plained, but the following experiment, made with the 
electrical machine, will render it more apparent. 

Exp. 1. Take an insulated metal cylinder b, and 
attach small pith balls, suspended from cotton threads, 
to different parts of its surface ; gradually bring an 
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electrified body a, which has been charged with 
the prime conductor, near to this cylinder ; when A 
is about an inch from the conductor, no spark 
having passed from a to b, the pith balls at the 
extremities C and d diverge ; at B and f the diver- 
genoe is less than it is at c and d ; and at or near 
the centre G the balls do not diverge at all. 

As we have already explained, the positive fluid 
is driven to the extremity C, and the negative fluid 
is drawn to the extremity D. 

When A is withdrawn, all the balls fall back to 
their natural position, and the positive and negative 
fluids, on the conductor b, reunite and return to 
their natural state, — all electricity dj^appears. 

Before withdrawing A, touch th({e extremity C, so 
as to take away the positive fljjiJid and the conduc- 
tor will remain charged with^^^?^^ electricity, and 

"KrSr/™' "-''^^^^^ P: '^ 

n^ieciricu ^^ \f.^ by induction in a 
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Beries of insulated conductors, placed in a line^ with 
their extremities in order near to each other. 

THE ELECTBOPHORUS. 

The electrophorus, inyented hj Volta, depends 
upon the principle of induction ; 
it is capable of retaining for a 
considerable time the electricity 
deyeloped upon its non-conduct- 
ing surface bj friction. It is com- 
posed of a cake of resin poured 
into a circular metal mould, or ^^9- 55. 

plate, bb; of a disc of metal a a, a little less than the 
cake, furnished with an insulating handle g. The cake 
of resin is electrified negatively by rubbing its surface 
with a cat's skin ; the metal disk is then placed upon 
the excited cake ; we then touch the plate with the 
finger, whict gives us a spark of negative elec- 
tricity, and raise it by the handle p, when it will 
be found charged with positive electricity; upon 
touclung the plate we receive a spark of positive 
electricity. 

When we first touch the metal plate (while in 
contact with the resin) the negative electricity is 
taken away from it^ owing to the repulsion of the 
negative fiuid of the cake ; now when the plate is 
raised by the insulating handle, it is charged with 
positive electricity, because the negative fluid had 
been taken away from it, while the positive fluid in 
it remained by the attraction of the negative fluid 
of the cake. 

As the cake will retain its electricity for a very 
long time, any number of sparks may be taken from 
it with scarcely any diminution of intensity. 

The experiments given in connection with Jig, 
19. 7^* ^4., may be explained on the same prin- 
ciple as i. ^^ the electrophorus. 

f* 3 
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The following improvements of the electrophorus 
were first published in the Author's little work on 
the Construction of Philosophical Apparatus. 



TATE S ELEOTBOPHORIC UACHINES. 

The intensity of the electricitj transmitted to the 
conductor by the electrophorus, described at page 20., 
depends upon the following circumstances : (1) The 
size of the plate; (2) the completeness of the con- 
tact of the plate; (3) the rapidity with which the 
strokes are performed. 

The following contrivances will give power to 
the instrument, by facilitating the operation, and 
by lessening the time required for performing each 
stroke. 

boUBLE-AOTma ELECTROPHOHUS, OR Aff ELECTRO- 
PHORUS CAPABLE OF PRODUCINO BOTH KINDS OF 
ELECTRICITY. 

This simple contrivance is represented in ^, 
56. L Q N is an 



a- 



D 

I] 



l^F 



B 



open box; L n 
sheet gutta-percha 
stretched tight 
over its top; J K 
the plate of the 
electrophorus ; E F 
a strip of double 
gutta-percha, at- 
tached to the plate ^9- 56, 
for the purpose of lifting it, forming a loop at 
the top for receiving an insulating rod d c, which 
may be a rod of glass, or a stick of sealing-wax ; 
o c H a bent insulated wire, terminated with knobs, 
o and H ; A an insulated conductor, for receiving 
the negative electricity; b another insulated con- 
ductor, for receiving the positive electricity; these 
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conductors are placed at the distance of six or eight 
inches from the plate J k, and the length of the 
-wire c H is such as to allow the knoh H to come 
Into contact with the plate j k at the same time as 
the knob G comes into contact with the conductor a. 
The machine is worked in the following manner : — 

Rub the surface of the gutta-percha with a piece 
of fur, or rabbit's skin; place the plate J k upon 
the excited sheet, taking care to hold it by the 
insulating handle c D; depress the handle c D, 
until the knob H comes in contact with the plate j k; 
then a spark of negative electricity will be trans- 
mitted to the conductor A; raise the plate J e:, by 
means of the insulated handle, until it strikes the 
conductor b; then a spark of positive electricity 
will be transmitted to the conductor ; and so on to 
an almost indefinite number of tiroes. The action 
of the machine simply consists in raising and de- 
pressing the hand. 

It will be observed, that, at each upward stroke, 
the knob a is raised from the conductor a before 
the plate j k is lifted off the gutta-percha. 

The conductors a and b may be used in the 
same way as the conductors of an ordinary electrical 
machine, that is for charging jars, &c. 

F^. 51. represents another form of this machine, 
which possesses 
some advantages 
over that just de- 
scribed. J K repre- 
sents the plate; a 
and B the con- 
ductors, already de- 
scribed ; E F an in- 
sulating handle, of 
8ealing-wax,or glass 
covered with seal- 




Fig. 57. 



56 ELECTRICITY. 

ing-wax, cemented into a metal tube f d, ivliich 
is fixed to a smaller tube a, coming in contact, 
time after time, with the plate J k; this tube 
a works smoothly on a brass rod e^ fixed to 
the plate J k, having a stop, or small rasx^ at its 
top, for the purpose of stopping the ascent of the 
small tube a\ f g is a wire fixed to the tube f i>, 
and terminated by a knob o. By this contriTance 
the rod F G admits of an up and down motion 
upon the pin «, at the same time that the plate J k 
admits of being lifted off the gutta-percha. The 
machine is worked in the following manner : — 

Hold the plate by the handle e, and place it 
upon the excited gutta-percha L n (see fig. 6^.) ; 
depress the handle e, until the knob G comes into 
contact with the conductor a, and a spark of nega* 
tive electricity will be transmitted to it ; raise the 
handle until the knob G comes into contact with 
the conductor b, and a spark of positive electricity 
will be transmitted to it; and so on, as before 
described. 

SINGLE-ACTING ELECTBOPHOSUS. 

The plates, with their peculiar appurtenances, 
just described, may be employed with great ad- 
vantage in the place of the simple insulated plate, 
described at page 20. The contrivances connected 
with these plates, enable the operator to perform 
each stroke more rapidly, leaving, at the same time, 
his left hand free to be used in any matter requiring 
his attention. All that is required in the applica- 
tion of these plates to the common sheet-electro- 
phorus, is simply to have a conductor placed so as 
to come in contact with the knob G at the moment 
the plate J K falls upon the excited gutta-percha. 
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DISGUISED ELECTRICITY. — CONDENSERS. 

If a conductor connected with the ground be 
brought near to one extremity of another conductor 
charged with electricity, then the quantity of the 
electric fluid at that extremity will be considerably 
increased. This fact is just what we should have 
anticipated from the peculiar properties of the 
electric fluid. 

Let ▲ B be an insulated plate charged with elec- 
tricity (say with -f electricity); a' b' another 
))late, connected with the ground by means of the 
chain f' o'. Connect a b with the prime conduc- 
tor^ by means of the j)9inted discharger g h f ; re- 
move the jointed discharger, then a b will become 
charged with positive 
electricity, which will 
have the same inten-> 
sityas that of the prime 
conductor; bring the 
plate a' b' near to the 
charged plate a b, then 
the electricity on its 
surface will be consider- 
ably increased. For 
whilst the positive elec- 
tricity of A b repels the 
positive electricity of 
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a' b^, at the same time it attracts its negative elec- 
tricity ; but this negative fluid accumulated on the 
plate a' b^, in its turn reacts upon the plate a b, by 
attracting more of the positive fluid in it towards the 
surface nearest to the plate a'b' ; this increase of fluid 
on the plate a b produces a further action upon the 
plate a' b', and so on to an indefinite series of 
actions and reactions. The negative fluid accu- 
mulated in A^ b' is called disqxtised electricity, for 



5S 



ELEOTBICITY. 



it cannot be detected by any ordinary means ; it is 
retained or held there entirely by the attraction 
of the positive fluid in A b. The plate a' b' is 
called the condensing platey and A b the collecting 
plate. An instrument constructed on this principle 
is called the condenser. 

This principle of disguised electricity may be 
readily established by experiment. 

Exp. I. Let the charged plate A b be connected by 
a chain with the insulated balls f, and the insulated 
plate a' b' with the insulated balls p'. First charge 
the plate A b (say with positive electricity), then the 
balls F will diverge; bring the plate a' b' near to ab, 
then the electricity 
in a'b' will be decom- 
posed, and the balls 
will diverge. Touch 
a'b' with the finger 
so as to carry away J 
its positive electri- 
city set free, then 
the balls f' will im- 
mediately cease to 
diverge, and the 
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balls F will have now only a very feeble diver- 
gence. The negative electricity in a' b' exists 
in a DISGUISED state. Withdraw A b and a' b' 
from each other, taking care not to touch them, 
then immediately the balls diverge, — those at 
F with positive electricity, and those at f' with 
negative. Bring the plates again near to each 
other, and the divergence of the bells f' again 
ceases, and that of f diminishes. The negative 
fluid of the plate a' b' is again disguised, and the 
positive fluid is partly withdrawn from the ex- 
tremity F towards the extremity A b, by the attrac- 
tion of the negative fluid in the plate a' b' 
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These facts enable us to give a satisfactory ex- 
planation of the principle of the condenser, of the 
electroscope, and of the Leyden jar. 

THE CONDENSER. 

The condenser, the principle of which has just 
been explained, is used to detect the presence of 
electricity where it is so very small as to require 
it to be collected and condensed before it will 
affect the electroscope. It consists of two discs of 

metal, b b and c c, whose touching 
surfaces are polished and covered 

over with a thin coat of varnish 

i^ i or some non-conducting substance ; 
the upper plate is the collector and 
the lower one the condenser ; the 
condenser stands on an insulating 
Ffg. 60. glass pillar w, and the collector 
has an insulating handle m attached to it, by which 
it may be lifted ; a brass wire a b, with a knob 
a, is fixed to the under side of the condensing 
plate, for the purpose of connecting it with the 
ground. 

The apparatus is thus used : — Place the body 
whose electricity is to be examined in connection 
with the collector c c ; touch the ball a with the 
linger, and after having taken it -away, suddenly 
raise the collector by the glass handle m, and the 
electricity of the body under examination will have 
accumulated itself in the collector, and the opposite 
fluid will be found in the condensed* ; present the 
collector to any delicate electroscope or electro- 
meter, and the accumulated electricity will be ren- 
dered apparent. The rationale of this process has 
already been explained. 
* The author has described, in his little work op 
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philosophical apparatus, various pieces of apparatus 
for demonstrating the principle of disguised elec- 
tricitj, as well as that of the condenser. 




ELECTROSCOPES AND ELECTROMETERS. 

There are a great variety of electroscopes. For 
all ordinary purposes, the pith-ball electroscope, 
represented in^^. 3., or that described at page 12., 
is quite sufficient. But in pursuing many electrical 
inquiries, we require instruments of 
more delicacy, or of more durability. 

In order to render electroscopic in- 
struments more sensitive and more 
accurate, the two light bodies arc 
suspended from a metal rod and 
enclosed in a glass bell,- and the 
extremity of the rod (which is either 
a knob or a plate) is to be touched 
with the electrified substance. The 
light bodies, thus suspended, are 
cither pith balls, as shown in fig. 61., or two 
gold leaves, as in Bennet's electrometer, op 

THE GOLD LEAP ELECTROMETER, shown \X\ figs, 62. 

and 63. In fi^. 62. two knobs, a' and b', are 

placed on each side of the gold leaves / j^ so 

that when the leaves diverge too 

strongly, they impinge upon the 

knobs, and are thus discharged of 

their electricity ; this contrivance 

prevents the leaves from being torn 

by adhering ta the sides of the glass 

bell. 

In order to insulate the electricity 
given to the cap or plate k, the metal 
rod carrying the gold leaves passes 
through a glass tube, which is ce- F^g^ 62. 



Fig, 61. 
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Fig. 63. 



mented to a ferrule on the plate a b, closing the 
top of the glass cover (see Jig. 63.). 
This plate is screwed upon the glass 
cover, so that the leaves niaj be placed 
within the glass without injuring them. 
The gold leaves are attached to the 
lower extremity of the metal rod, 
Bimplj bj the adhesion of gum. Be- 
fore using any electrometer it is im- 
portant that all its parts be perfectly 
dry, and that the surrounding air be 
warm and free from moisture. 

To use the gold leaf electroscope: 
Bring an excited glass tube near to tlio 
cap K, and the gold leaves will diverge 
with positive electricity, because the positive fluid 
of the glass drives the positive fluid of the cap into 
the gold leaves. Excited sealing-wax brought near 
to the cap will cause the leaves to collapse. 

The following is the best method of using the 
simple gold leaf electrometer represented in Jigs. 
62. and 63. : for it causes the gold leaves to be per^ 
manentfy divergent Electrify a stick of sealing- 
wax ; hold the electrified wax very near to the cap 
K, without touching it ; the gold leaves will diverge 
from each other on the principle of induction, with 
the same electricity as the wax, that is, with nega- 
tive electricity ; touch the cap with the finger, and 
the gold leaves instantly collapse ; ^rst remove tho 
finger, then the electrified body and the gold leaves 
will remain permanently divergent, with an elec- 
tricity opposite to that of the wax, that is, with 
positive electricity. Now bring an electrified glass 
tube near to the cap k, and the divergence of the 
leaves will be increased, because the glass, being 
positive^ will drive more of the positive fiuid into 
the gold leaves. After taking the glass rod away, 
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bring electrified brown paper near tho cap of the 
electroscope ; the divergence of the gold leaves will 
be decreased, because the brown paper, being nega- 
tive, will drive the negative fluid into the gold 
leaves, thereby neutralising the positive fluid at 
first in them. 

It should be observed that where the charge of 
the leaves is temporary^ the electricity is the same 
as the excited body ; but where the charge is per- 
manent, as in the preceding case, the electricity is 
of an opposite kind 

Experiments with the Gold-leaf Electroscope. 

Exp* 1. Strike the cap of the electroscope with 
a warm silk handkerchief; the leaves will diverge 
with negative electricity. Verify this by bringing 
an excited stick of sealing-wax near to the cap. 

Exp, 2. Excite a silk ribbon, bring it near to the 
cap of the electroscope; the leaves instantly di- 
verge : excite a glass rod ; bring it also near to the 
cap ; the divergence of the leaves is diminished, 
thereby showing that the electricity of silk is nega- 
tive. 

Exp, 3. Rub a roll of brimstone with a piece of 
warm flannel, hold the excited brimstone near to 
the cap of the electroscope, touch the cap with the 
finger ;^r5; take away the finger, and then the brim- 
stone; the gold leaves will remain permanently dAvtr^ 
gent with positive electricity. Verify this by bring- 
ing an exulted stick of sealing-wax near to the cap. 

Exp, 4. Place a tin vessel containing water on 
the cap K of the electroscope (see^^r. 63.); drop a 
red-hot cinder into the water ; the leaves will in- 
stantly diverge. Here the escape of steam gene- 
rates electricity. 

The gold-leaf condensing electroscope, represented 
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in Jig. Gi., Bimplj consists in 
the application of the con- 
denser described at page 50. 
to the gold-leaf electroscope. 
HereccisthecoUecting-plftte, 
wtthitsglasshandLetn, placed 
upon the plate of the electro- 
scope. In order to render this 
inalriiment more delicate, the 
glass- bell of the ordinary elec- 
troscope is enclosed bya glass 
case, into which some chloride 
of calcium is put, with the 
view of absorbing any mois- 
ture which may be in the cir- 
cumjacent air. 



The degree of divergent 
of the gold leaves only gives 
us a rude idea of the intensity of tlie electii- 
citj with which an excited body is charged , 
for the divergence is not exactly in propor- 
tion to the intensity of the charge. These instru- 
ments, therefore, should be oalkd elecirotcopes 
rather than electromelers. The name of electro- 
meter should only be given to such inatrumcnts as 
Coulomb's balance, which afford 
us the means of exactly eomparing 
the electrical intensities of any two 
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The 



ieedle ehclromeUr, repre- 

65t is ft rod or needle 



balanced on a point, having pith balb fixed to its 

Coulomb's torsion electrometer. — For ordinary 
purposes, the instrument represented in fig. 66. will 
be found exceedingly useful. A smsll disc of gil 





64 ELECTBICITT. 

paper c, is attached to the end of a needle of gum- 
lac or sealmg-wax; the needle is suspended by a 
thread of sealing-wax k d, afler the 
manner described at page 13., and 
placed within a glass jar or bottle, as 
shown in the figure; passing through 
the side of the jar, and on a level 
with the needle, is a brass wire ter- 
minated with gilt balls A and b. To 
use the instrument, turn the knob k, 
if necessary, so as to bring the disc c 
in contact with the ball b ; touch the ^^9' ^6. 
ball A with the electrified body ; then c, being elec- 
trified in the same way as b, will be repelled, and 
the angle of torsion^ or twist, will indicate the 
force of repulsion, or, what is the same thing, the 
relative amount of electrical charge given to A. It 
will be observed that the force requisite to twist a 
thread is in proportion to the angle over which the 
needle is moved, so that the angle of deflection is a 
true measure of the electrical repulsion. 

In comparing the intensity of two electrified sur- 
faces, it is necessary that we should employ a proof 
PLANB (which is a round piece of gilt paper fixed to 
the end of a rod of sealing-wax or shell-lac), for the 
purpose of transferring the charges of electricity 
from the electrified surface to the ball a of the elec- 
trometer. 

It is obvious that the torsion electrometer may be 
used, like the gold-leaf electroscope, for ascertaining 
whether a body is positively or negatively electrified. 

Fig, 67. represents the form usually given to the 
torsion electrometer, where the thread b b, sup- 
porting the needle b dy passes through a tube 
mounted on the glass jar a. The circumference of 
the jar is divided into degrees, the zero point being 
opposite to th^ ball to which the electricity is trans- 

\ 
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ferred, so that the angle through which the needle 

is repelled may be at once seen. The needle is 

usually supported by a fine 

thread of silver, about two 

feet long, fixed at the top of 

the tube to a brass piece c, 

which admits of being turned 

tightly round the cap, which 

is also of brass, and fixed to 

the tube itself. 

By means of the torsion 
electrometer, Coulomb proved 
that the law of electrical at- 
traction and repulsion, as in- 
fluenced by distance, is the 
same as the law of gravitation, 
that is, inversely as the square 
of the distance. He also de- 
termined the law regulating Fig. 67. 
the distribution of the electric fluid on the surfaces 
of conductors. 
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THE LEYDEN JAl* AND ELECTRICAL 

BATTERY. 

EXPERIMENTS WITH A SINGLE LETDEN JAB. 

Exp, L To give an electrical shock. — Chaise the 
jar after the manner described at page 34. ; grasp 
the outside of the jar with one hand, and touch the 
knob of the jar with the other hand, and an electric 
shock will bo felt. Care should be taken that the 
jar is not too strongly charged. Generally speaking, 
about half a dozen good sparks transmitted to the 
knob of the jar, will be a sufficient charge for giving 
anj person a shock. 

A shock maj be given to any number of persons 
at the same time. Let them form themselves into a 
ring, by taking hold of each other's hands ; let the 
first person grasp the outside coating of a jar which 
has been charged, and then let the last person in the 
ring touch the knob of the jar ; the whole of the 
persons forming the ring will instantaneously receive 
the shock. The number of the persons forming the 
ring does not appear to affect the intensity of the 
shock. 

Exp. 2. To show the striking distance of the 
spark at discharge, — Touch the outside coating of a 
charged jar with one ball of the jointed discharging- 
rod, gradually bring the other ball towards the knob 
of the jar ; then, when they have come sufficiently 
near to each other, the electric spark will pass from 
one ball to the other with a snapping noise. The 
distance at which the discharge takes place depends 
upon the size of the jar and the intensity of the 
charge. 

Exp^ 3. To show the manner in which a jar 
becomes charged, — Place a common Leyden jar upon 
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the insulated stool, and bring the knob within 
striking distance of the prime conductor ; turn the 
machine^ and it will be found that the jar cannot 
be charged when its outside coating is thus insu- 
lated: now bring your knuckle near the outside 
coating of the jar ; then, for every spark of positive 
electricity which passes to the interior coating of the 
jar, a corresponding spark of positive electricity will 
pass from the outside coating to the knuckle. The 
positive electricity is driven off from the outside 
coating on the principle of induction, while the 
negative electricity is held in a disguised condition 
on the outside coating by the attraction of the posi'. 
tive electricity accumulated on the inside coating. 
Hence it appears, that when the inside coating is 
charged positively, the outside coating is charged 
negatively; and that when the jar is being dis- 
charged, the two opposite fluids rush to each other. 

Exp, 4. To charge the inside of ajar negatively. — 
Place the jar upon the insulated stool ; bring the 
outside coating of the jar within the striking dis- 
tance of the spark of the prime conductor ; turn the 
machine, and at the same time, apply the knuckle 
to the knob of the jar; then, for every spark of 
positive electricity which passes to the outside 
coating, a corresponding spark of positive electricity 
passes from the inside coating to the knuckle, and 
thus the jar will become charged .with negative 
electricity. 

Exp. 5, To show the principle of disguised 
electrtcUg in relation to the Leyden jar. — Let a 
jar be placed on the insulating stool, and let the 
ball T>\ supported by a metal pillar, communicate 
with the outer coating of the jar. Suspend a ball of 
cork F by a linen thread, midway between the knob 
D of the jar and the ball j>\ communicating with the 
ground by a metal chain k. Charge the jar after 



BLECXBlCITlf. 



the manner described 
attracted to d, and, 
owing to the contact, 
a certain portion of 
positire electricity 
will pass to the 
ground through k, 
and a certain portion 
of positive electri- 
city will rem ■ 



inner coaling 
being thus restored! 
3 natural state, 



; then the ball will be 




Fig. en. 

will be attracted to the ball d', owing to the 
negative electricity set free from the external 
surface of the jar ; when f comes in contact with 
D*, a certain portion of electricity will, in like 
manner, pass off from the outer surface of the jar 
through the conductor k, and then a certain portion 
of negative electricity will remain disouisbd on the 
outer coating ; f wiU then be again attracted to d ; 
andsoon. TheballrmaycoutinuetooEcillate between 
the two knobs, d and d', for eereral hours, at the end 
of which time tbe two coatings will have lost their 
electricity, by this succession of small discharges. 

The apparatus represented in^. 69. is intended 
to illustrate the same 
principle. The insu- 
lated balls on f are in 
connection with the in- 
ner coating, and those 
on f' are in connection 
with tbeoutereoating. 
Charge the jar after 
the manner described 
in exp. 3.; then the 
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balls F will diverge with positive electricity, and 
the negative electricity will he held in a dis- 
guised state on the outer coating. Touch the knoh 
D, and the halls f will collapse, while the balls f' 
will diverge ; the positive electricity is now in a 
DISGUISED state, while the negative is free ; and so 
on, until all the fluid is taken from the jar. 

Exp, 6. To make a jar out of a common phiaL — 
Fit a cork to the phial> and pass a wire through it, 
reaching nearly to the bottom of the phial ; put a 
knob on the outer extremity of the wire ; half.fiU 
the phial with water, and after carefully drying the 
outside, put the cork with its wire in its place ; 
grasp the outside of the phial with one hand, and, 
after having taken a few sparks from the prime con- 
ductor to the knob, touch the knob with the other 
hand, and you will receive an electric shock. 

Here the hand answers the purpose of the ex- 
ternal coating 
of the Leyden 
jar, and the 
water that of 
the internal 
coating. 

Exp, 7. The 
electrical sports- 
man. — ^This con- 
si sts of a jar j, 
connected with 
the figure, d, 
of a sportsman, who is supposed to be in the act of 
shooting some birds flying over the ball a. The 
knobs A and b are connected with the inner 
coating of the jar, and the knob C, at the extremity 
of the sportsman's gun, is connected, by a wire 
going down the figure, with the outer coating. 
The figure admits of being turned round upon a 




Fig, 70. 



70 



ELECTKICITT. 



pin, D, at its foot. Some light substances^ cnt in 
the shape of birds, are suspended by cotton threads 
from the ball A. Charge the jar ; the birds appear 
to fly, owing to their mutual repulsion ; turn the 
sportsman round until you bring the muzzle c of 
his gun within striking distance of the spark ; at 
the moment the snap and spark of discharge takes 
place, the pith birds appear to fall down as if they 
were shot. 

Exp» 8. To ignite cotton* — Tie a bit of cotton, 
mixed with a little powdered resin, on one of the 
knobs of the jointed discharger; place the other 
knob in contact with the outer coating of a charged 
jar; bring the knob, covered with the cotton, 
within striking distance of the knob of the jar; and 
the spark will ignite the cotton. 

Exp. 9. To perforate a card, — Hold a dry 
piece of card-paper in contact with one of the knobs 
of the jointed discharger; discharge the jar through 
the card-paper, and it will be found to be perforated 
by the passage of the spark. 

Discharge the jar through three or four pieces of 
card-paper, or through about a dozen sheets of 
writing paper. 

The hole in the paper will be always found to be 
burred equally on each side, 
as if the electric fluid had 
come from the middle of tlie 
card. 

Exp, 10. The magic pic- 
ture, — This is simply a pane 
of glass placed in a frame^ 
and covered on both sides 
with tinfoil within a few 
inches of the edges. It answers 
the same purpose as the Ley- 
den jar. Charge one side of the 
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plate after tlie wanner de- 
scribed in exp. 3. ; discharge the 
plate in the usual way 

Exp. II. The electric pen- 
dtUum. — Make an ehctuc 
pendulum of wire, with pith 
balls at the end of it, as re- 
presented in Jiff. 72 Balance 
the pendulum on the edge of 
a charged plate of glass; the 
pendulum will vibrate ; the balls Fig. 72. 
alternatelj strike the plate. 

ELECTRICAL BATTEItlES 

An electncal battery is formed when several 
jars are united together by estabhsl ing a metallic 
connection between all their inner coatings and 
a simitar connection be ^ v 

tueen all their ontei 
coatings The jars arc 
placed in a Hoodi'nboK 
lined with tinfoil upon 
whi(.h the jars stand 
and which forms the i 
connection between all 
the outei coatings the | 
inner coatings commu 
nicate together by ^9 73 

means of metal rods wl ich connect the vaiious 
knobs of the jars together. Ihe battery is usually 
discharged by means of a chain, which has one of 
its extremities fixed to the tinfoil of the case, and 
the other extremity attached to the knob of a dis- 
charging-rod. 

It always requires time, even with a good ma- 
chine, to charge a large battery. In order to acce- 
lerate the operation, a peculiar contrivance, repre- 
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sented by fig. 74., has been adopted, called charg- 
ing by cascade. Here each jar of the battery is 
placed upon an insulating stool, and the knob of 
each is connected hj means of a chain, c, with the 
outer coating of the preceding one ; the knob j>' 
of the first 
jar Ai is con- 
nected with 
the prime 
conductor, 
and the out- 
er coating Fig, 74. 
of the last^ A4, is connected with the ground by 
means of the chain D. When the machine is 
worked, the positive electricity from the outer 
coating of Aj, in place of being driven away into 
the ground, serves to charge A2, by passing into 
its inner coating; in like manner, the positive 
electricity driven off from the outer coating of 
A 2 serves to charge A3 ; and so on, until the positive 
electricity is carried away from the outer coating 
of the last jar into the ground, by means of the 
chain d. 

The battery is discharged by connecting d 
with d'. 

DISCHARGINQ ELECTROMETERS. 

In these electrometers the intensity of the elec- 
tricity is measured by the length of the spark at 
the instant of discharge. 

Lane^s discharging electrometer, — This is an 
ordinary Leyden jar, having an arm, cde, attached 
to the conducting wire ab ; the horizontal part c d 
is of glass, coated over with shell-lac; the vertical 
part de is a brass rod, having a ring c, in which the 
graduated wire m o slides, and terminating in a knob 
o\ the distance between the knobs o and by and 
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consequently the length of the spark, can thus be 
measured. To use the jar, connect 
the extremity m of the sliding wire, « 
by means of a chain, with the 
outer coating of the jar, and then 
adjust the distance between the 
knobs o and b to suit the amount 
of charge which you wish to give 
to the jar. Bring the knob b near 
to the prime conductor, and con- 
tinue to work the machine until 
the discharge takes place between Fig. 75. 

the knobs b and o. If the knobs b and o are placed 
very near together, the intervening space will be 
penetrated by the spark, when only a small charge 
lias been given to the jar; but if the distance be- 
tween them be increased, then a more powerful 
charge may be given before the spontaneous dis- 
charge takes place. If the same distance between 
the balls o and b be retained, then the discharge 
will always take place when the same quantity of 
electricity has been transmitted to the jar. This 
jar may be used to test the relative powers of two 
electrical machines ; in order to do this you place 
the balls o and 6 at a 
certain convenient dis- 
tance from each other, 
then that machine will 
be most powerful which 
causes the jar to be 
discharged with the 
least number of turns 
of the handle. 

CuthbertsorCs dis- 
charging electrometers, 
— ^This apparatus, re- 
presented in Jig. 76., Fig, 76. 

H 
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effects the discharge of itself, when the jar or bat- 
tery has arrived at the limit of its charge. 

An insulating support A B carries a metal rod 
D c, turning on a centre at B, like the two arras 
of a balance. This metal rod is connected with 
the inner coating of the jar, or battery, and also with 
a quadrant electrometer, as shown in the figure. 
Below the knob c, at a sufficient distance to prevent 
discharge, is another knob ^, which communicates 
with the outer coating by means of the chain f ; 
nearly in contact with the knob i> is another knob d', 
placed at the extremity of a metal rod, which is 
fixed to the same support as the rod d o, and, being 
in metallic communication with it, is also connected 
with the inner coating of the jar, or battery. When 
the jar has become sufficiently chained, the knob d 
is repelled from the knob d', and the knob c is 
thereby brought nearer to the knob E, in connection 
with the outer coating, and when this distance is 
within the distance at which explosion takes place 
the jar, or battery. Is discharged. 

Fig, 77. represents a slightly diffi^rent form of 
this apparatus, where L 
is a sliding ball, which 
enables the operator to 
give a more perfect ad- 
justment to the action 
of the apparatus. 

The balance electro^ 
meter simply consists of 
a common balance beam -^V- 77. 

with a scale hung on one side, for holding weights, 
and a gilt piece of wood hung on the other, for the 
purpose of being applied to the surface of an 
electrified body. The weight necessary for over- 
coming the attraction of the electrified surface on 
the gilt piece of wood, is taken as the relative 
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measure of thd intensity of the electricity on the 
surface of the electrified body* 

MECHANICAL EFFECTS OF ELECTRIC DISCHARGES. 

The following experiments may be performed 
with a single jar, but the effects, in most cases, 
will be more striking when a battery is used. 

Exp. U 7%e thunder house. — This apparatus 
illustrates the use of metallic rods as 
a protection to buildings from the 
effects of lightning, and also shows the 
use of pointed rods as tranquil con- 
ductors of electricity. The conductor 
G D is broken at A and b, by two little 
square slips of wood, having conducting 
wires passing through them, and which 
may be inserted in their places, either 
with the conducting-wire broken, as at b 
inthefigure,orwithtbeconducting-wire Fiff* 78. 
unbroken, as at A ; the ball c may be screwed off the 
wire, and then it is terminated by a point. 

To use the apparatus. First let the ball c be 
screwed on the top of the conducting-wire, and- let 
the square slips be placed as in the figure : connect 
the extremity d of the conducting wire with the 
outer coating of a charged jar; place one knob of 
the jointed discharger within striking distance of 
the ball c, and gradually bring the other knob of 
the discharger within striking distance of the knob 
of the jar ; the disruptive effect of the charge will 
throw out the slip b, while A remains in its place. 

Perform the same experilnent when the bftU c is taken 
off; the charge will pass quietly through the point, 
and both slips will remain in their place. ^ 

Eaep. 2 The ekctrie bomb, — A 
cavity is made in a block of wood c, and 
closed by a, cork d ; two wires, a and 
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B^ pass into this cavity, having their points about a 
quarter of an inch asunder. Now connect the knoh 
B with the exterior coating of a jar, or battery ; and 
with the knob of the discharging-rod in contact with 
the knob a, discharge the jar, or battery, and the 
cork will be forcibly projected from the cavity. 

Fill up the cavity with sand ; transmit a charge 
through it ; and the passage of the spark will dis- 
perse the sand in all directions. 

Exp, 3. Dispersion of water, — Transmit a strong 
charge through the fluid; it will be scattered in all 
directions. 

Exp. 4. To perforate glass, — Fill a phial A 
(see fig, 80.) with oil ; close it with a 
cork, through which a wire b passes, 
having its lower end so bent that its 
point shall touch the inner surface of 
the phial. Connect the extremity b with 
the outside coating of a charged jar; p- ^ 
place the knob c of the jointed dis« 
charger opposite to the point, then discharge the jar, 
and the spark in its passage through the glass will 
make a hole. 

This experiment may also be performed by sus- 
pending the phial from the prime conductor of a 
powerful machine, apd taking the spark from the 
point, by bringing a brass ball opposite to it. 

Exp, 5. To break wood and glass, — Transmit 
a strong charge through a stick of wood, in the 
direction of its fibres, about half an inch thick ; the 
wood will be split. 

Discharge a jar or battery through a plate of 
window-glass, after the manner described at page 
70., exp, 9. ; the glass.will be broken. 

Exp. 6. To rupture substances which are imperfect 
conductors of electricity, — Place several dry cards 
together between the knobs of the universal dis- 
charger ; pass a strong charge through them, and 
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the 8pai*k will pierce a hole through them. The 
cards will have a peculiar sulphurous odour, like 
that which is felt in places after they have been 
struck bj lightning* 

Thin pieces of wood may be ruptured in the same 
manner. 

Place a piece of dry writing-pnper on the stage of 
the universal discharger, lay its knobs on the paper, 
at the distance of an inch and n half from each other, 
then transmit the charge, and the passage of the spark, 
if sufficiently strong, will tear the paper asunder. 

Lay a piece of perforated tinfoil between two 
panes of glass ; fix them tightly together, and trans- 
mit a strong charge through the tinfoil ; the panes 
of glass will be split by the discharge. 

Exp. 7* An electrical thermometer^ sometimes 
called a thermo^leotroscope. — This piece of appa- 
ratus, represented in Jig, 81., is intended to show 
the momentary expansion of the air 
produced by the heat of the spark in its 
passage through the air. a is an air- 
tight tube communicating with a small 
tube B, which is open at the top ; a and 
b are two knobs, attached to the ex- 
tremities of wires passing out of the 
tube ; a coloured liquid below the level 
of the knob b, stands at the same height 
in the two tubes. When a charge or ^*^' ^^' 
spark passes from a to b, the air in a expands by 
the heat developed by the passage of the spark; 
the liquid in a will therefore fall, while that in B 
will rise. The strength of the electric charge is 
indicated by the amount of expansion. 

HEATING EFFECTS OF ELECTRIC PISCHAOGES. 

JBxp» 1. Ignition of resin upon water. — Sprinkle 
some powdered resin on the surface of water con- 

H 3 
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tained .in a cup ; connect the outer coating of a 
charged jar^ by means of a chain, with the water in 
the cup; discharge the jar, by causing the spark 
to pass through the resin, which will instantly 
ignite* 

Various other substances may be ignited in a 
similar manner. 

Exp, 2. Place a skein of cotton, impregnatedwith 
any resinous powder, on the stage of the universal 
discharger ; pass the spark through the cotton, and 
it will he ignited. This is another way of perform- 
ing exp, 8., explained at page 70. 

Bxp, 5. Explosion of gunpowder. — The ig- 
niting power of an electric spark is increased by 
passing the charge through a damp conductor. In 
this way we are enabled to fire gunpowder, which 
cannot be ignited by the spark under ordinary 
circumstances ; place some fine gunpowder in the 
wooden cup o (Jig, 79.), carry the fluid for about 
six inches along a damp thread attached to that arm 
of the discharger which is connected with the 
outer coating of the jar ; then the passage of the 
spark from the end of one wire to the end of the 
other will ignite the powder. 

Here the moist thread, being- a . somewhat im- 
perfect conductor, retards the passage of the electric 
fluid, and thereby causes the discharge to take place 
with less rapidity than it would otherwise do. 

Exp. 4. A fine wire heated, /usedt and burned, 
— Stretch a few inches of very fine harpsichord 
wire between the ends of the universal discharger 
{aeefig, 33.) ; send a good charge through the wire, 
and it will be. either . rendered incandescent, or it 
will be fused. The length of wire which may be 
used depends upon i^ ^ size of the battery and the 

ttensity of the ch ge. A battery composed of 

If a dozen ordiiy jars, and fully charged by a 
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good machine^ will readily fuse about six inches of 
fine harpsichord wire. 

The heating effects of electrical charges on different 
metals depends on their conducting powers ; thus, 
platinum and iron, which are bad conductors of 
electricity, become more powerfully heated by the 
passage of an electrical charge than gold and copper, 
which are good conductors. 

The thermo-electroscope, represented hjfig. 82., 
depends upon this principle, cdab 
has the form of a differential ther- 
mometer ; a platinum wire passes 
through the ball o, and is herme- 
tically sealed to it* When an 
electric charge is transmitted 
through the platinum wijre, it be- 
comes heated, and this causes the 
air in the ball o to expand, which 
is instantly made manifest by the 
rise of the liquid in the tube A b. 
The graduated scale on a b gives 
the relative heating powers of 
different charges. This instrument 
is best adapted to the measure- 
ment of the heating power of vol- 
taic electricity. 

Exp. 5. Ignition and fusion of gold-leaf — 
Place a strip of gold-leaf between two pieces of 
dry paper, lay them on the table of the universal 
discharger ; pass a good charge through the gold- 
leaf, and it will be burnt. Both pieces of paper 
will be covered with a purple strip of oxide of 
gold ; the strip has a greyish tinge when the gold- 
leaf contains a portion of silver. 

Exp, 6. Place a small bit of gold-leaf between 
two pieces of window-glass, pix)ceed as in the last ex- 
periment, and the gold will be fused into the glass. 




Fig, 82. 
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Exp, 7. Ignition of gilt threads — Stretch a 
gilt thread of silk between the extremities of the 
universal discharger ; send a charge through the 
thread) and the electric fluid in its passage will burn 
the gilding, and the silk will remain uninjured. 

PHYSIOLOai04L EFFBOTS OP BLEGTBIO DISCHARGES. 

The sensation of a spider's web being drawn over 
the face, and the peculiar phosphoric odour attend- 
ing the transmission of electricity, are amongst the 
most ordinary physiological effects of electricity. 
When a strong electrical charge passes through the 
body, it is accompanied by a shuddering sensation, 
and a sudden contraction of the muscles, which is 
called the electric shock (see exp, 4., page 36.). 
The discharge from a single jar is sufficient to 
destroy the life of small animals, and the discharge 
of a powerful battery through the head of a large 
animal is enough to kill it. 

Exp, 1. In taking a shock from ajar, interpose, 
in some part of the circuit, a damp rope, then, 
instead of the usual shock, there will be merely a 
tingling sensation produced at the tips of the 
fingers. 

Exp, 2, Place the head of a live mouse between 
the wires of the universal discharger, send a strong 
shock through it, and the mouse will be instantly 
killed. 

MAGNBTIO EFFECTS OF ELECTRIC DISCHARGES. 

0Exp. 1. Place a small sewing-needle in a helix, 
or spiral, formed of copper wire, a h {fig. 83.), 
covered over with silk ; 
place the ends of the 
helix in contact with 
the arms of the univer- 
sal discharger ; transmit Fig, as. 
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a strong charge through the wire, and the needle 
will be rendered magnetic. The end of the needle, 
which lies to the right of the electric current, will 
be a north pole, and the opposite end a south pole. 

Exp, 2, Reverse the direetion of the needle of 
the last experiment ; transmit two or more charges 
of electricitj through the helix, and the poles of 
the needle will be reversed* 

The magnetic effects of common electricity are 
very feeble as compared with those of voltaic elec- 
tricity. The explanation of these phenomena 
will be given in connection with the subject of 
galvanism. 

CHEMICAL EFFECTS OF ELECTRIC DISCHARGES. 

The chemical effects of the ordinary electric cur- 
rents, like the magnetic effects, are .comparatively 
feeble. The following experiments, however, show 
that ordinary electricity really possesses a decom- 
posing influence. 

Exp, 1. Place two pieces of tinfoil, i t, on a 
dry pane of glass, 
GO; on these 
pieces of tin - 
foil lay platinum 
wires, bent in the 
manner shown in 
^. 84., so that ^'^' ®^- 

there shall be a small space between the two points 
at k, where they touch the glass, and where the 
body which is to be decomposed is placed. Lay 
the glass G o on the table of the universal dis- 
charger, place its two knobs on the tinfoils, and 
connect one of them, by a chain and a moist thread, 
with the prime conductor of the machine, and the 
other with the insulated cushion. Place a drop of 
a solution of iodine of potassium at A, between the 
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platinum points ; turn the machine^ and after a 
short time the iodine will be deposited at the posi- 
tive wire, and the metallic potassium at the negative 
wire. Perform the same experiment with, a drop 
of a solution of sulphate of copper, and so on. 

These experiments may be performed with more 
delicacy, by using blotting paper saturated with the 
solutions ; thus, paper dipped in a solution of iodine 
in alcohol, will readily give a blue tinge of iodine 
on the paper in contact with the poaitiye wire. 

The decomposition of watisr, by common elec- 
tricity, was first shown by Wollaston. 

Sparks discharged for a length of time, through 
the air of a closed receiver, cause the two gases 
in the air to combine and form nitric acid ; in this 
way, no doubt, nitric acid is formed in the atmo* 
sphere by lightning. 

Exp, 2. Place a fine metal point in connection 
with the prime conductor of the machine; work the 
machine for some time, and then bring the metal 
point in contact with the tongue ; a faint acid tnstc 
is felt. Whereas the negative electricity will pro- 
duce an alkaline taste. 



DISTRIBUTION OF £I4£K}TI{ICITT« 83 



DISTRIBUTION OF ELECTRICITY ON 
THE SURFACE OF INSULATED CON^ 
DUCTORS. 

Exp* L The eleetric fluid arranges ilself upon 
the SUBFACES of conductors, — A is an electrified 
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metal ball, suspended by a silk thread ; 3 and c arc 
two hollow metal hemispheres^ which exactly enve- 
lope the sphere ; when they are reiiK)¥ed from the 
sphere, then not the slightest traee of electricity 
remains upon it, while the outer surfaces of the 
hemispheres contain all the electricity which was at 
first in A. This may be proved by means of the 
electroscope. 

The Proof-plane. 

To show in a more complete manner the super- 
ficial distribution of electricity, a small piece of 
apparatus, called a proof-plane, is usually c 
employed. This apparatus is represented in Cp^ 
fig, 86,, where c is a small disc of gilt paper, ^ 
fixed at the end of a stick of gum-lac, a b. 
In using this instrument, a poiht of the elec* 
trified surface is touched by the proof-plane, 
which being carried to the torsion electro- 
meter, the intensity of the electricity at the 
point touched by the proof-plane is indicated ^l 
by tbe deflection of the needle. Fig. 86, 
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Exp, 2. A is a conical muslin bag, fixed to an 
insulated metal ring, forming something like a 
butterfly net; b and o 
are silk threads attached 
to the apex of the cone, 
one on the outside, and 
the other on the inside, 
bj which the cone may 
be turned outside in. 
Let the cone be charged 
withelectricity by means 
of a carrier-ball ; test 
the electricity of the in- 
side and outside surfaces 

by means of the proof-plane ; then ft wilt be found, 
that while the outside surface is charged with elec- 
tricity, the inside surface 
is entirely free from it. 
Turn the cone outside in, 
and test the surfaces as 
before ; the surface which 
is now outside will con- 
tain all the electricity, 
and that which is now in- 
side will be entirely free 
from it. 

These experiments 
clearly show that the 
electricity distributes it- 
self upon the exterior 
surface of a conducting 
body, but not on the in- 
terior surface. 

The following experi- 
ment, first given by Fara- 
day, establishes the same 
principle, as well as an 
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Important law relative to the induction of elec- 
-tricity : — 

An insulated electrified ball, a, is suspended in 
the interior of a series of jars, placed the one 
^within the other, and separated from each other 
"by plates of gum-lac, as shown injfi^, 88. ; the 
outer jars communicates with a gold-leaf electro- 
scope c, the leaves of which, l, diverge the moment 
the electrified ball a is Introduced. Here induc- 
tion takes place from jar to jar, until at last the outer 
surface of the jar b becomes electrified. 

(1.) Upon testing the electricity on the sur- 
faces of the jars by means of the proof-plane, it will 
be found, while the outer surfaces of the jars aU 
contain electricity, the inner surfaces are entirely 
free from it. 

(2.) While tlie gold-leaves l are divergent, let the electri- 
fied ball A touch the side of the inner jar, and it of coursa 
transmits its electricity to the jar, and the gold leaves neither 
diverge more nor less than before. This experiment proves that 
the electricity possessed by the ball is exactly equal in quan- 
tity and in power to that which it develops by induction. 

** By applying his theoretical ideas to other and different 
phenomena of statical electricity, Faraday is led to admit 
that the tendency of electricity to distribute itself on the sur- 
face of conducting bodies is more apparent than real ; and 
that the experiments which prove that there is not, in fact, 
any free electricity except at their surface, are easily explained 
in another manner. No electric charge, according to this 
theory, can be manifested in the interior of a body, on account 
of the opposite directions of the electricities in each of the in- 
terior particles ; whence the resulting effect is null : whilst the 
induction exercised by exterior bodies renders the electricity 
sensible on the surface. From this manner of regarding it, 
electricity must show itself only on the surface of a conducting 
envelope, whatever be its conductibility, or the insulating 
property of the substance placed within. Faraday, in &ct, 
demonstrated this by strongly electrising oil of turpentine, 
placed in a metal vessel. There was no apparent cleotricity, 
except on the exterior surface of the vessel. He also con- 
structed a cubical chamber, twelve feet square, the woodea 

I 
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sides of which were covered outside with tinfoil : he insulatiMl 
it; then, after having introduced into it electroscopes and 
other objects, he electrised the interior air with a strong ma- 
chine. No trace of electricity was manifested within ; whilst 
considerable sparks and luminous brushes darted oflT in all 
directions from the exterior suHace. While these experiments 
complete those of Coulomb, in which be operated only upon 
conducting bodies, tbey render the explanation that was given 
rather improbable, since it was based upon the free propagation 
of electricity in the conducting mass ; whence it followed that 
this electricity distributed itself entirely on the surface. 
When ooce th« phenomenon has oocuf red in the same man- 
ner with insulating bodi^ placed interiorly, this explanation 
is not tenable. 

With regard to the influence of form upon the quantity of 
electricity accumulated at the surface of bodies not spherical, 
it would always depend, according to Faraday's theory, upon 
some points of the surface being exposed to a greater amount 
of inductive forces than others. Thus the extremities of a 
cylinder, or of an elongated ellipsoid, would be more strongly 
electrised than the rest of the surface, because there go from 
them a greater number of filaments of polarised particles, esta- 
blishing with surrounding conductors the communication 
necessary for induction. A point is far superior in this re- 
spect ; for it is the centre whence emanate, in all directions, the 
lines of inductive force, which, for example, when a ball is in 
question, are found distributed over a greater extent, and do 
not set out from a single point only, but equally firom all 
points of its surface. 

In the theory that we have been explaining, the mutual re- 
pulsion of bodies charged with the same electricity is only 
apparent ; it is called Into existence because there is no elec- 
tricity on the nearer surfaces, and because each of the bodies is 
attracted in opposite directions by the surrounding bodies, 
upon which induction determines an electrical state dissimilar 
to their own. We may even prove, by means of the proof- 
plane, that the two gold leaves of an electroscope, when they 
are diverging, have no electricity on their interior surface, 
whilst they are strongly electrised exteriorly, however thin 
they may be in other respects. Repulsion is also explained 
by attributing it to the attraction exercised upon each of the 
gold leaves by the contrary electricity, developed by induction, 
in the Wata of air in contact with their exterior surface. 
This mode of action of the air is much more natural and more 
probable than that in which it is regarded as determining re- 
pulsion by the greater pressure from within outwards, than 
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inwards from without, which it exercises upon electrised 
bodies. However, the experiinents which show that repulsion 
takes place in vjtcuo as well as air, would seem to be equally 
contrary to these two explanations, except that, in the former, 
Tve admit the effect by induction of tlie ambient bodies, even 
ivhen they are placed at a great distance.** 

JSxp, 3. The intensity of ike electricity upon a 
conducting body depends upon the extent of that 
surface.— X B is an insulated metallic roller, which 
may be turned by the 
insulated handle h; 
i> is a pith-ball elec- 
troscope ; c is a me- 
tallic ribbon coiled 
upon the roller. Let 
the roller be charged 
with electricity, then 
the balls d will di- 
verge from each *^* ®^' 

other, indicating the intensity of the charge; let 
the metallic ribbon be unrolled, drawing it by 
means of a silk thread attached to the extremity c ; 
then the balls l> will approach each other^ owing 
to the electricity having become spread over a 
greater extent of surface : now let the ribbon be 
rolled up, by the insulated handle h, and the pith 
balls will again diverge from each other. 

JExp, 4 To show that electricity accumulates itself 
towards the extremities qfan insulated conductor,—^ 
Touch the different parts of the electrified conductor 
with the proof-plane, and test the intensity of the 
electricity in each case by means of the torsion 
electrometer, and it will be found that those parts 
of the conductor which are furthest from the middle 
have the greatest intensity. Hence the tendency 
of the electric fluid to escape from pointed extre- 
mities. These effects apparently arise from the 
mutual repulsion of the particles of the fluid. 

I 2 
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ATMOSPHERIC ELECTRICITY. 

THE IDENTITY OP ELECTRICITY AND LIGHTNING. 

The honour of this discovery belongs to Franklin. 
In a letter to a friend he gives the following account 
of the origin of the conception which conducted 
him to the grea£ discovery : — " Your question, how 
I came first to think of proposing the experiment 
of drawing down the lightning in order to ascertain 
its sameness with the electric fluid, I cannot better 
answer than by giving you an extract from the 
minutes I used to keep of tlie experiments I made, 
with memorandums of such as I purposed to make, 
the reasons for making them, and the observations 
that arose upon them, from which minutes my letters 
were afterwards drawn* By this extract you will 
see that the thought was not so much an out-of-the- 
way one, but that it might have occurred to an 
electrician. 'Nov. 1749. Electric fluid agrees with 
lightning in these particulars: I. giving light; 2. 
colour of the light ; 3. crooked direction ; 4. swift 
motion ; 5. being conducted by metals ; 6. crack or 
noise in exploding ; 7. subsisting in water or ice; 8. 
rending bodies it passes through ; 9. destroying 
animals ; 10. melting metals; II. firing inflam- 
mable substances; 12. sulphureous smell. The 
electric fluid is attracted by points. We do not 
know whether this property is in lightning, but 
since they agree in all the particulars in which we 
can already compare them, is it not probable they 
agree likewise in this? Let the experiment be 
made.'" 

This letter will always be read with interest ; 
aflbrding, as it does, one of the most admirable ex- 
amples of inducting T<*iiaonin{;. 
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Franklin made the experiment in the following 
manner. He made a kite with points fixed to it, 
with the view of drawing electricitj from the 
clouds. In order to 'insulate the electricity that 
might pass down the hempen cord, which is a partial 
conductor of electricity, he attached a silk cord to 
its extremity, where he placed a key, from which 
he expected to obtain sparks of electricity. Afraid 
of being laughed at, should his experiment fail, he 
took his little boy with him, to make it appear as 
if he were going to assist the boy in flying his kite. 
Franklin and his little boy having raised their elec- 
trical kite in theair, they waited a long time before any 
indications of electricity could be seen. At length 
a thunder cloud passed over the kite ; the electric 
fluid passed from the cloud to the points fixed on 
the kite, and descended down the hempen chprd, 
the fibres of which stood erect by electrical repul- 
sion ; Franklin then applied his knuckle to the 
key, and received the electric spark. 

What most have been the extaoies of his soul at 
that moment! He had made one of the most bril- 
liant discoveries in the whole range of physical 
science I he had discovered the identity of light- 
ning and electricity ! 

He afterwards charged Leyden jars with light- 
ning, and made other experiments similar to those 
usually performed with electrical machines. He 
also introduced lightning conductors, or pointed 
rods, for the protection of buildings from the effects 
of lightning. See exp. !•» page 75. 

The picture of Franklin and his little boy fl ing 
the kite which first drew lightning from the clouds, 
will be regarded with interest to the latest ages of 
the world. 

About the same time, acting under Franklin's 
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Huggestion, Dalibard erected an insulated pointed | 
rod, 40 feet Ligh, and tbereby succeeded in obt^oing 
eparks from tbe clouds. 




£LECTRIC1TT IN THE AIR. 

Electricity ie always found in the air, but it 
varies both in kind and in quantity. It is gene- 
rally positive when the air is clear and serene ; and 
negative when it is humid and cloudy. Tbe inten- 
sity of tlectricnl phenomena ia usually greatest in 
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the higher strata of the atmosphere: it is also 
stronger in winter, especially during frosty weather, 
than it is in summer, and when the air is calm than 
when it is boisterous. When the wind blows from 
the north, the drops of rain are generally positive, 
and when it blows from the south, they are gene- 
rally negatiye. The earth is always in a contrary 
state of electricity to that of the higher strata of the 
atmosphere; and hence the atmosphere, at the height 
of a few feet above the surface, is always in a neutral 
state. The aerial electricity attains a maximum 
and minimum condition twice every day ; its inten- 
sity is least during the night ; it increases after 
sunrise, or during the fall of dew, and attains its 
maximum condition a few hours after sunrise: from 
that time it gradually decreases until a few hours 
before sunset, when it reaches its second minimum 
condition ; after sunset it rises rapidly, especially 
during the fall of dew, and attains its second maxi- 
mum condition a few hours after sunset. 

ELECTROMETEORS. 

The most common electrometeors are thunder- 
storms, sheet lightning, the aurora borealis, water- 
spouts, whirlwinds, and the luminous appearance 
of pointed conductors. The commonest and grand- 
est of these electrical phenomena are thunder and 
lightning. 

TUB AURORA BOREALIS, OB NORTHERN LIGHTS. 

In the higher regions of the atmosphere, where 
the air is very much attenuated, the flashes of 
electric light give rise to the well-known pheno- 
menon of the aurora borealis, or northern lights (see 
exp. 2., page 47.). This meteor is seen most bril- 
liantly towards the arctic regions. Fig. 91. repre- 
sents the appearance which it presents at its com- 
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mencement, where streaniB of electric light appeur 
to move from the northern parts of the horizon to- 




Fig. 91 



wards the magnetic zenith. Sometimes, even with 
us itassnroesthe formof a magnificent luminous hovr 
spanning the horizon for thirty or forty degrees. 

Figs. 93. and 93. represent some of the appear- 
ances of the aurora borenlis at the north arctic zone. 




I officer of the French 
na^. 

Fig. 94, represents ft remarkahle appearance of 
die aurora borealis, which was seen over every part 



ADBORA BOREALI3. — WATERSPOUTS. 



of Europe. This 
Mairan in the year 



observed and descril>ed by 




WATERSPOOTS. 

At the commencement of this wonderful and 
terrific phenomenon, tlie watery vapour in the 
clouds appears to descend in the form of a cone, 
while the ocean beneath becomea agitated, as 
shown in fig. 95. ; the apex of the cone continues 
to descend, and, after a little time, a cloud of watery 
vapour rises from the ocean towards it, as shown in 
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ftg, 96. Tills goes on until the two sfreams of 
watery vapour join each other nnd form a complete 




Fig. 96. 
waterspout, or, it may be, form two or n 
spoutBf as shown inj^. 97. 



These remarkable phenomena appear to be doe 
to the different elactnoal conditions of tlie cloud 
nbove and the ocean beneath. 
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DIFFERENT MODES OF GENERATING 

ELECTRICITY. 

Besides friction there are various modes of gene- 
rating electricity. The following are amongst the 
most remarkable : — 

ELECTRlCITr GENERATED BY THE FRICTION OF 
HIGH-PRESSURE STEAM. 

The friction of high-pressure steam on the me- 
tallic pipes, &c., through which it is made to pass, 
has recently been found to develop large quantities 
of electricity. A very powerful electrical machine 
has been constructed on this principle by Mr. 
Armstrong ofNewcastle, and called by him the 
Hydro-electric machine. 

HTDRO-ELEOTRIC MACHINE. 

This machine is represented in Jigs, 98. and 99. 
A is a strong steam boiler, cased in wood to reduce 
the radiation of heat, standing on six glass pillars, 
o ; B the furnace, and c the ash-pit, formed in tlie 
under part of the boiler ; p Q the chimney ; D is a 
water gauge, and e the feed valve ; f f two tubes 
leading from the valves li to the large tubes a a ; 
H H are a series of bent iron tubes proceeding from 
the pipes G G, and terminating in jets j, which may 
be opened or closed, by means of levers placed at 
K K ; M is the safety valve« 

Fiff, 99. represents a zinc case, provided with four 
rows of brass points, which are placed in front of 
the rows of the jets j (Jig, 98.), in order to attract 
the electricity from the steam vapour projected 
upon them : when long sparks are required, this 
case, with its points, is placed at the distance of 
about one foot from the jets ; and, on the contrary. 
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wlion a large quantity of electricity is required, the 
case 13 brought within a few inches of the jets. With 
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Fiy. 98. 



a view of augmenting the development of the elec- 
tricity, the inner surfaces of the jets are lined with 
wood, farming a bent channel for the pas§age of the 
steam. 

In this machine, we may regard the particles of 
water as serving the purpose of the glass plnte of 
a common electrical machine ; the wooden lining of 
jets as the rubber; and the steam as tho rubbing 
power. 
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playing between the electrified knobs o and d ; the 
knob B of the pendulum is alternately attracted 
and repelled by the electrified knobs c and d. 
This motion will often continue for years without 
intermission. 

Bohnenherg'8 Electroscope, 

One of the most useful applications of the dry pile 

is exhibited in the construction of 
an electroscope, represented in^^. 
103., which is not only the most 
sensitive of all others, but has the 
additional property of at once in- 
dicating the peculiar kind of elec- 
tricity of the body applied to it. 

This instrument consists of two 
dry piles, c and d, placed as in Zam- 
boni's perpetual motion ; between 
the knobs c and .d a single gold- 
leaf, o, is suspended in the same 
manner as in the ordinary gold-leaf 
electroscope. The moment the gold- 
leaf G is electrified by the approach 
'^' * of any electrified body towards a, 
it is carried either towards one knob or the other, 
according to the nature of the electricity with which 
the body is charged; that is to say, if the electro- 
scope be charged with positive electricity, then the 
gold-leaf G will be attracted towards the negative; 
knob of the pile, and so on. 




THE END. 
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THE MAGNETIC POWER. 

Substances endowed with biagnetism attract 
pieces of iron, and the substances possessing this 
property are called magnets. Magnetic substances 
possess various other remarkable properties, which 
shall hereafter be described. There are two kinds 
of magnets, — natural magnets and artificial mag- 
nets. 

Natural MagnetSy or loadstones, are iron ores, 
found at almost every place on the earth. The 
ancient Greeks were acquainted with the attractive 
property of the natural magnet, or loadstone ; they 
gave the name of magnet to this mineral, probably 
because it was found most abundant in the vicinity 
of Magnesia, a city of Lydia, in Asia Minor. 

Artificial Magnets are generally made of steel 
bars, and the way in which the magnetic property 
is imparted to them will shortly be described. 
Artificial magnets are named according to their 
shape ; thus, we have the bar magnet^ represented 
\Tifig. 1., and the horse-shoe magnet^ represented in 
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Fig. 1. Fig. 2. 

fig. 2. When several bar magnets or horse-shoe 

B 
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magnets are combined, the whole is called a mag- 
netic battery^ or a compound magnet. 

The magnetic power of a magnetised bar chiefly 
resides in its extremities^ which are called tlie 
magnetic poles ; one being called the north pole of 
the magnet, and the other the south pole. Id order 
to distinguish these poles from each other, a mark 
is usually drawn across the extremity corresponding 
to the Jiorth pole of the magnet. 

One of the most remarkable properties of the 
magnet is, that it communicates its properties to a 
steel bar or needle that is rubbed for a few times, 
in the same direction, across one of its poles. 

MAGNETIC ATTRACTION. 

Experiment 1. Sprinkle some iron filings on a 

magnetic steel bar ; the iron filings will be attracted 

to the extremities or poles of the magnet, whilst the 

other portions will be left nearly bare, as shown in 

Jig, 3. When the steel bar exceeds eight or ten 




Fig. 3. 

inches in length, we sometimes find two other poles 
besides those that are at the ends, as shown in 
fi9' 4. 
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Fig. 4. 
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Exp, 2. Attract a series of pieces of iron 
wire, a, 6, c, to the extremity n of the mag- 
netic bar N s, as shown in fig. 6. Here the 
wires, while they are in connection with the 
magnet m s, become a series of little magnets, 
whose lower extremities are all north poles ; 
that is, of the same name as the pole of the ^ 
magnet to which they are attached. 

Exp, 3. To magnetise a Pen-knife, — Rub 
the knife, for several times, in the same di- 
rection^ that is, from heel to toe, across one 
of the extremities, or poles, of a magnet; 
apply the point of the knife to some ironi^iy. 5. 
filings, or small pieces of iron,— they will be 
attracted to the point of the knife. 

The Attraction between a Magnet and Iron is 

reciprocal. 

Whilst the magnet attracts iron, the iron also 
attracts the magnet. 

Exp, 1. Suspend a piece of iron wire by a thread, 
so that the wire may hang horizontally. Bring the 
one extremity of a magnet near to one end of the 
wire ; the wire will be attracted by the magnet. 

Eocp, 2. Suspend a magnetised needle in the 
same manner; bring the extremity of the iron 
wire near to either pole of the magnet; the magnet 
will be attracted by the iron wire. 

Magnetic Attraction transmitted through various 

Bodies, 

Exp, 1. Interpose a thin screen of wood, or 
glass, or copper, or any substance excepting steel 
and iron, between the magnet and the iron wire of 
the foregoing experiments ; the attraction will take 
place just as if there were no substance interposed. 

B 2 
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Exp. 2. Slrew some iron filings on a sheet of I 
white paper ; place the pole of a magnet bcncatb 
them ; the filings will appear to move in whatever 
direction the magnet is moved. 

Ejp. 3. Interpose an iron plate between a mag- 
net and nn iron wire suspended by a thread ; the i 
magnet will have little or no effect upon the wire. 

Distribution of Magnetism in a magnelised Bar. 
The inequality of this distribution may be readily 

proved by the following experiments. 

Exp. 1. Strew some iron filings on a sheet oi 
white card'paper, beneath which a bar magnet has 
been placed ; occasionally tap the paper to facilitate 
the arrangement of the tilings. The beautiful dis- 
tribution of the filings (as exhibited in ^fy. 6.) 

^^'- ■ '■:W^^ I 
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around the bar, shows the manner in which the 
attractive force of the different points m the bar 
vary, — the filings are most accumulated round the 
two poles, towards which they seem to converge 
from all parts, as to the principal centres of action : 
on the other hand, the central portion of the bar 
scarcely attracts any of the iron filings, thereby 
showing that the centre of the bar is a neutral 
point ; that is to say, it does not possess any at- 
tractive power. The curves formed by the filings 
are known by the name of the magnetic curves. 

This experiment furnishes us with a ready 
method of detecting the poles of a natural magnet. 

Exp, 2. Take a magnetic bar, n s, Jig. 7., and 
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Fig, 7. 
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support it at its middle point c ; apply at any 
number of equidistant points, a, b, c, c', b\ &c., a 
series of pieces of soft iron wire ; then it will be 
found that the number of pieces of wire which the 
magnet can support will increase as we approach 
the extremities or poles N and s. 

The centre, c, of the bar has been called the 
neutral point, or point of magnetic indifference, 
and the poles are those two points where the 
greatest attractive force is found to reside, which 
in this case are at the extremities. Tlie term pole 
is sometimes taken to mean that point in each lialf 
of the bar where the greatest attractive force will 
be accumulated, supposing the magnet to be acting 
upon a piece of iron or steel placed at a little 
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distance from it; in this case the poles are, on an 
average, at the distance of about one-tentli of an 
inch from each extremity. 



MAGNETIC POLARITY. 

DIRECTIVE PROPEETY OP THE MAGNETIC NEEDLE. 

A MAGNETISED stcel needle, suspended horizontallj 
by a thread, or on a fine point, will always point very 
nearly north and south. This is called the directive 
polarity of the magnet. This direction is so constant, 
that, when the needle is displaced, it returns exactly 
to it, after a few vibrations. Moreover, the same 
extremity of the needle alwkys points to the north, 
and the same extremity to the south ; so that if the 
needle be turned half-way round, it will not rest 
until it has resumed its original position. The 
extremity which points towards the north is called 
the north pole of the 
magnet, and that 
which points towards 
the south, the south 
pole of the magnet. 
This remarkable pro- 
perty has been of 
great use to naviga- 
tors. 

Magnetic needles 
are usually construct- 
ed after the form 
shown in fig. 8. ; 
where the needle 
turns upon a vertical 
point, which enters Fig. 8. 
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the conical cap, screwed into the ceLtre of the 
needle. 

The direction in which the needle points has 
been called the line of the magnetic meridian. 
This line does not exactly coincide with the direc- 
tion of the geographical meridian, as we shall here- 
after more fully explain. At London, the needle 
at present points about 24° west of the true north. 
This is called the magnetic yakiation, or magnetic 
DECLINATION. This declination is not the same for 
all places on the earth, and it is continually chang- 
ing for all places on the earth. 

JBxp, I. Magnetise a small sewing needle ; place 
the needle on some water, so as to make it float : 
after a little time the needle will settle itself, and 
will point in the direction of north and south. If 
the needle be shifted from this position, it will 
return to the same position again when left to 
itself. This experiment may also be readily per- 
formed in the following manner : — 

JExp. 2. Take a strip of card-paper A b ; suspend 

it upon the point s of 4 w b 

a pin passed through a j^ /^ , ^ ^ 5~\ 

cork, place the magne- ^ . ^ 

tised needle N s upon 

one side of the strip of 

card-paper ; restore the 

balance by placing some ^^9- ^• 

small weight, w, upon the opposite side of the 

card ; then the card will turn round until it points 

north and souths as before described. 

With any of these needles the following experi- 
ments may be performed (excepting the cases spe- 
cified). * 
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IRON OB STEEL ATTRACTS BOTH POLES OF THE 

NEEDLE. 

Exp, 3. Hold a bit of iron near either of the 
poles of the needle ; the needle will follow the iron; 
by moving the iron round, the needle will revolve 
on its centre in the same direction. 

Eocp, 4>. By h'olding a bit of iron near to the 
sewing-needle of Exp, 1., it may be made to float 
about in any direction. 

Exp, 5. The Magnetic Swan, — This philoso- 
phical toy consists of a piece of thin sheet iron, made 
into the shape of a swan, so as to float upon water. 

When the point of a magnet is presented to the 
swan, it appears to swim towards the point. 



THE LIKE POLES OP MAGNETS REPEL ONE ANOTHER, 
AND THE T7NLIKE POLES ATTRACT. 

This law of magnetism is exactly analogous to 
the law of attraction and repulsion of the two kinds 
of electricity. 

In order to distinguish these opposite influences, 
the magnetic principle of the north pole is called 
positive magnetism, or +» and that of the south 
pole, negative magnetism, or — . 

Exp, 6. Bring the north pole of a magnet near 
to the south pole of the needle, and it will be at- 
tracted. Bring the north pole of a magnet near to 
the north pole of the needle, and it will be repelled; 
and so on. 

• This always enables us very readily to ascertain 
the particular poles of a magnet, or to determine 
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whether or not a metal bar possess magnetism ; for 
the extremity of the bar which attracts the north 
pole of a needle will be the south pole of the bar, 
and the other extremity will be the north pole. 

Exp. 7. Hang a small key to the north pole of 
a magnet ; present the south pole of another magnet 
to the upper extremity of the key ; the key will in- 
stantly fall. Here the two different kinds of mag- 
netism neutralise each other's effects. 

Eocp, 8. Immerse the like poles of two magnets 
into some iron-filings ; bring the two poles together, 
and the filings will fall. But if the poles are unlike, 
the filings will move towards each other. 

Eocp, 9. Balance a bar-magnet upon a common 
pair of scales ; bring the pole of another magnet 
immediately beneath one of the poles of the magnet 
placed on the scale; then, when the poles, thus 
brought near to each other, are of the same kind, 
the scale will ascend from the repulsion of the 
magnets ; and, on the contrary, the scale will de- 
scend when the poles are of different kinds. 



IP A MAGNET BE BROKEN, EACH PART BECOMES A 

PERFECT MAGNET. 

Exp. 10. Break a magnetised knitting-needle; 
test the polarity of each end of the pieces; the poles 
of the two magnets will lie in the same direction as 
the poles of the original magnet. 
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THEOBT OF MAGNETISM. 

The theory of magnetism is exactly analogous to 
the theory of electricity. The magnetic fluid, in 
its quiescent state, is supposed to consist of two 
distinct fluids, the one being the nobth or fositiye 
MAGNETISM, the Other the south or negative mag- 
netism. When these two fluids are combined, thej 
form the magnetic fluid as it exists in non-mag- 
netised substances, or substances in a neutral state. 
The particles of the same kind of magnetism repel 
each other, but the particles of opposite kinds of 
magnetism attract each other. When the two fluids 
exist in a body so as to neutralise each other, then 
the body exhibits no magnetism ; but if this se 
of equilibrium be disturbed by any cause, then the 
magnetic state is induced. Fig. 10. gives a visible 
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Fig, 10. 

representation of this supposed distribution of the 
particles of the two magnetic fluids in the body of a 
magnetic bar. Here we suppose the light squares to 
represent the particles of the positive fluid, and the 
dark squares the particles of the negative fluid. As 
the particles of the two fluids are separated from 
one another, they must arrange themselves accord- 
ing to the law of attraction and repulsion assumed 
in the theory ; that is to say, a positive and a ne- 
gative particle must always be contiguous to each 
other : from this it follows, that the extremity N 
will be a north pole, and s a south pole. 
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This theory readily enables us to explain all the 
phenomena of magnetism. Let us take a few ex- 
amples. 

1. When the extremity of a bar of soft iron is 
placed in contact with the north pole of a magnet, 
the opposite extremity of the bar also exhibits north 
or positive mi^netism ; this takes place in conse- 
quence of the repulsion of the positive fluid from, 
and the attraction of the negative fluid to, the north 
pole of the magnet. 

2. When a magnetic needle is broken, it is obvious 
that the arrangement of the particles of the two 
fluids must remain unchanged ; that is to say, the 
poles in the two magnets .must lie in the same di- 
rection as the poles of the original magnet. 

3. When the north pole of a magnet attracts a 
piece of iron wire, the extremity of the wire next 
to the north or positive pole of the magnet becomes 
a south or negative pole, owing to the repellant 
action exerted on the positive fluid, and the at* 
tractive action on tlie negative fluid of the wire, by 
the positive fluid of the magnetic bar ; hence the 
magnet attracts the wire, according to the law, that 
bodies magnetised with difierent fluids attract each 
other. This also explains the great law of magnetic 
induction, which we shall shortly consider. 

4. The like poles of two magnets repel each 
other, by virtue of the mutual repulsion subsisting 
between the particles of the same kind of magnetic 
fluid ; and the unlike poles of two magnets attract 
each other, in consequence of the mutual attraction 
subsisting between the particles of the two diflerent 
kinds of the magnetic fluid. 

5. The north pole of the needle is directed towards 
the north pole of the earth, because the earth itself 
is a great magnet, having its negative magnetic 
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pole lying towards its north geographical pole, and 
its positive magnetic pole Ijing towards its sooth 
geographical pole. 

6. The dip of the magnetic needle maj be readilj 
explained, by considering the dipping direction of 
the needle to be the direction of the resultant of the 
magnetic forces, residing in the earth, ^vhich act 
upon the needle. But this subject will be hereafter 
more fully explained. 

the attractive force op magnets decbeases 

With the distance. 

Exp, 11. Place the south pole of a magnet at a 
distance from the north pole of the needle, and a 
little to the right or left of it ; then the needle will 
be deflected a little from its north and south direc- 
tion ; now bring the magnet a little nearer to the 
needle, and its deflection will be increased, and so 
on ; thereby showing that the attractive force of the 
magnet increases as we decrease the distance. 

It will also be observed, that the needle Tibrates 
more and more rapidly as the magnetic bar is 
brought more closely to it. Now the rapidity of 
these vibrations obviously depends upon the amount 
of the magnetic force. 

The law of the attractive force of a magnet, with 
respect to distance, is the same as the law of gravi- 
tation ; that is to say, the attractive forge of 

A BIA6NET VARIES INVEKSELT AS THE SQUARES OF 
THE DISTANCE. 
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MAGNETIC INDUCTION AND 
CONDUCTION. 

When a wire of soft iron is placed in contact 
vrith the pole of a magnet, it becomes, as it were, a 
part of the magnet itself ; for every portion of the 
wire has the same polarity as the extremity of the 
magnet with which it is in contact. This may be 
called magnetic conduction. But if the contact be 
ever so slightly broken, the wire becomes a complete 
magnet having two poles, and this takes place in 
consequence of the operation of another principle, 
that of induction, which now claims our attention. 
When the soft iron wire has been entirely removed 
from the magnet, after a short time it no longer 
possesses any magnetic properties ; it, in fact, was 
only decidedly magnetic while it was in contact 
with, or very near to, the magnetised bar. Soft 
iron receives the magnetic influence most easily, 
hut it also parts with it most easily, when taken 
away from the magnet. Steel and cast-iron are not 
so easily magnetised ; but when the magnetic pro- 
perty is once imparted to them, they retain it for 
years, unless they are subject to some counteracting 
influence. 

Magnetic induction is that influence which a 
m.agnet exerts upon substances at a distance from 
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it. Let N s be a magnetic bar, n being its north 
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pole, and s its south pole; n 8, a, soft iron bar, 
having its extremity s placed near to the extremity 
N of the magnet ; then the soft iron bar n s will be 
a perfect magnet, so long as the pole of the magnet 
N s is near to its extremity 8 ; the extremity n, in 
fact, will be its north pole, and s its south pole. To 
render the magnetic induction apparent, a small 
key may be suspended from the extremity n. The 
nearer the bar N s is brought to the bar s n, the 
more powerful will be the magnetism induced in it. 
Let the magnet N s be taken away ; then, after a 
short time, the little key k will fall off the bar s n, 
and it will soon lose all traces of magnetism. 

Here the positive fluid at N repels the positive 
fluid from the extremity s, and, at the same time, 
attracts the negative fluid ; hence the equilibrium 
of the two fluids, in the soft iron n s^ is disturbed, 
the extremity s being in a negative magnetic state, 
and the extremity n in a positive magnetic state ; 
or, in other words, s becomes a south magnetic pole, 
and n a north magnetic pole. 

Bring the south pole of a bar near to n, then the 
magnetic induction will be doubled ; the lower ex- 
tremity of the little key k will rise towards this 
south pole ; and a much heavier key may be sup- 
ported by the extremity «• Now bring the north 
pole of a bar near to n, then the key k will instantly 
drop off" ; in this case the two poles, being of the 
same kind, counteract each other's influence. 

A series of soft iron bars may be magnetised in 
the same manner. Thus, let A be a strong magnetic 
bar ; B, c, and d, a series of soft iron bars placed near 
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each other, as shown in Jig, 12. ; then all these soflt 
iron bars, from the action of induction, will become 
perfect magnets^ having their poles as indicated by 
the letters of the figure. 

The law of magnetic induction is exactly ana- 
logous to the law of electrical induction. 

The following simple experiments will render the 
law of magnetic induction and conduction more 
Apparent. 

JIAQNETISM BY CONTACT. 

Exp, 1. Place a long piece of soft irpn wire in 
contact with the north pole of a powerful magnet ; 
test the magnetism of the wire by means of a mag- 
netic needle ; the south pole of the needle will be 
every where attracted by the wire, thereby showing 
that the wire possesses north polar magnetism. 

JExp, 2. Cut some short pieces of iron wire ; 
present the end of one of them to the pole of a 
strong magnet ; it will be immediately attracted ; 
the free end of this wire will now attract a second 
wire, and this in its turn will attract a third wire, 
and so on. All these wires become little temporary 
magnets, owing to their connection with the pole of 
the magnetic bar. In like manner the phenomena 
of the iron filings adhering to the pole of a magnet 
may be explained : each filing, thus suspended, is 
converted into a little magnet. 

MAGNETISM BY INDUCTION. 

Exp. 1. Place the extremity of a long iron wire 
opposite to the north pole of a magnetic needle ; 
bring the north pole of a magnetic bar near to the 
opposite extremity of this wire ; the needle will be 
instantly repelled. • 

Exp, 2. Suspend two pieces of soft iron by a 
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thread, as shown in ^g, 13. ; bring the north pole 
of a magnet close to the lower extremities of the 
wires ; the wires will repel each, after the manner 



shown in the figure. 
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Fig, 13. 



Fig. 14. 



JSxp, 3. Hold a large key near the pole of a 
powerful magnet ; then, as the key becomes a mag- 
net by induction, it will carry two small keys, one 
at its lower extremity, and the other at its upper 
extremity, as shown in^?^. 14. 



THE DIP OF THE MAGNETIC NEEDLE. 

Besides the directive property, the magnetic 
needle, when freely suspended, has another re- 
markable property called its dip, whereby its north 
pole dips towards the north pole of the earth in our 
hemisphere, and its south pole towards the south 
pole of the earth in the southern hemisphere. 

At present the magnetic dip at London is about 
67°. 

This property may be readily verified in the 
following manner. 

ExperimenL Thrust a knitting needle w i 
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through a cork c, as shown in ^g. 15. ; at right 
angles to this needJe, thrust a / 

fine sewing needle through the 
cork which will form the axis of 
the needle n s; attach an un- 
twisted thread a db to the axis, 
and suspend the whole bj the ex- 
tremity of the thread, taking care 
to thrust n s, either one way or 
the other, until it is suspended 
in a pei*fectlj horizontal position. 
No^v magnetise the needle n s, which may readily 
be done by simply keeping it for a short time across 
the two poles of a horse-shoe magnet. Again sus- 
pend the needle, and it will be found that its north 
pole will dip toward the north. Care must be 
taken, in magnetising the needle, not to disturb the 
axis. 

This experiment may be performed with more 
precision by placing the axis a a 
between two upright supports a b 
a bf as shown in Jig, 16. The best 
supports for the axis are the edges 
of two wine-glasses. 

The augle which the dipping 
KEEDLE makes with the horizon at 
any place, is called the angle of the 
needless dip at that particular place. 
This angle is not the same for all ^ 
places. At places in the northern 
hemisphere the north pole of the 
needle is depressed, and at places in the southern 
hemisphere the south pole of the needle is de- 
pressed. At places near to the equator the needle 
has no dip, that is to say, it hangs horizon- 
tally. 

c 3 




Fig, 16. 



Instruments constructed for the purpose of 
exoctlj observing the dip, have a vertic&L gradu- 
ated circle connected with them, and also a screw 
adjuHtment for placing the axis exactly horizontal, 
as shown ia^- 17- 




i^. 17. 

Fig. IS. represents a simple form of magnetic 
apparatus, for showing the direction of the needle 
as well as its dip. B; thb contrivance, the needle n « 
has a two-fold free motion, viz., a free motion with 
respect to its directive property, and a free motion, 
on its horizontal a.^\a/f, with respect to the angle 
of its dip. a b c dia a light frame suspended by 
an untwisted thready the horizontal axis yy of the 
needle turns freely in the sides a b and d c o{ the 
frame. A needle, thus suspended, will settle itself 
in the plane of the magnetic meridian, and will aim 
assume the true angle of the dip. 

The subject of magnetic variationF, ftc., will be 
raore fully explained in connection with that nf 
Terrestrial Magnetism. 
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TO MAGNETISE STEEL BARS, &c. 



I. TO MAGNETISE A NEEDLE WITHOUT USING 
AN ARTIFICIAL MAGNET. 

Fix the needle, against the edge of a table, in tlie 
magnetic meridian, that is, nearly north and south; 
hold a long poker 
above the needle, and 
another one below it, 
as shown in fig, 1 9. ; 
then move the pokers 
in contrary directions 
until they come to the 
positions shown in fig* 
20. ; repeat this opera- *^^ 
tions for several times, 
always observing at 
every successive opera- 
tion to move the pokers 
in the same manner, 
and the needle will be 
magnetised. Here the 

pokers, being held in r,. ,« ^. „^ 

the direction of the ^^'^^' ^'^- ^O- 

magnetic dip^ really become magnets. (See the 
subject of Terrestrial Magnetism.) 



II. TO MAGNETISE STEEL BARS, &C., BY MAGNETS. 

There have been various processes devised for 
magnetising steel bars, the following are amongst 
the most simple and efficient : — 
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Most easy Methods of magnetising a small 

Needle, 

Exp. 1. Bring the pointed extremity of a 
sewing needle in contact with the south pole of a 
magnet ; let the needle remain in contact for a few 
minutes ; on separating them you will find that the 
pointed extremity has. become a north pole, and the 
other a south pole. 

Here it will be observed, that the end of the 
needle in contact with the pole of the magnet 
acquires an opposite or dissimilar magnetism to that 
of the pole. The equilibrium of the two magnetic 
fluids in the needle, is disturbed by the pole of the 
magnet, at the point of the needle, the dissimilar 
magnetic fluid is attracted by the pole, and the 
similar fluid is repelled. 

Exp, 2. Rub one end of the needle, in the same 
direction, across the north pole of the magnetic bar^ 
and then rub the other extremity of the needle 
across the south pole of the bar ; then the former 
extremity of the needle will be a north magnetic 
pole, and the other extremity a south magnetic 
pole. 

Exp, 3. Place the needle across the two poles of 
a horse-shoe magnet ; let it remain there for some 
time; on removing it you will find that the 
extremity in contact with the north pole of the 
magnet has become a south pole, and the other a 
north pole. 

Exp, 4. Place the middle of a needle on the 
north pole of a magnet ; on separating them, you 
will And that the middle of the needle is a south 
pole, and that its extremities are north poles. This 
will form a pretty good astatic needle. 

Exp, 5. With the pole of a good magnet, draw 
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any figure upon the surface of a clear steel plate ; 
sprinkle iron filings upon it ; the filings will re- 
main suspended at all those points which the pole 
of the magnet has touched. 

2£xp, 6. Place one pole of a magnet in the 
middle of the steel har ; draw the magnet along to 
the end of the bar ; return the magnet, through the 
air, to the middle of the bar, and repeat the stroke 
i n the same direction ; repeat this operation for 
several times. Next place the other pole of the 
magnet in the middle of the steel bar, and proceed 
as before, observing that, in this case, the magnet 
must be drawn to the opposite extremity of the 
steel bar. 

This process has been called the method of single 
touch, 

THE METHOD OF DOUBLE TOUCH. 

This process consists in touching the steel bar 
which we wish to magnetise with both poles of the 
magnet at the same time. This method is always 
employed when large steel bars are to be magne- 
tised. 

Fasten two bar magnets together, so that their 
dissimiliar poles may be about -J of an inch 
asunder ; this will be most readily effected by 
inserting a piece of card-paper between them, and 
tying them with a piece oif cord. Place this double 
magnet vertically upon the middle of the steel bar; 
draw the magnet to the end of the bar ; return the 
magnet, through the air, to the other end of the 
bar ; draw the magnet, as before, to the opposite 
end ; repeat this process for several times, taking 
care to keep the pole of the compound magnet 
always in the same relative position, and to stop 
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the process when the magnet has arrived at tbe 
middle of the bar. The operation should be per- 
formed on both sides of the bar. 

A horse-shoe magnet, having its poles near 
together, will answer the same purposes as tbe 
double magnet just described. 

This method may be employed to magnetise two 
or more bars at the same time. 

Place two steel bars, n 6, n s, of the same size 
parallel to each other, and connect their extremities 
with two pieces of soft iron, a and b (see^. 21.). 




Fig. 21. 

Place the pole of the double magnet on the 
middle of one of the steel bars, and move it com- 
pletely round the frame, constantly keeping the 
poles of the double magnet in the same direction ; 
when you have completed about a dozen revolu- 
tions, turn the plates and proceed as before. The 
poles of the steel bars will have a reverse position 
to the poles of the double magnet. 

To magnetise Horse-shoe Bars, 

Fig, 22. shows the method of magnetising one 
horse-shoe bar n. Place a piece of soft iron k, 
called a keeper, across the extremities of the horse- 
shoe ; place a horse-shoe magnet m, whose legs are 
at the same distance apart as those of the bar N, 
with its poles perpendicular to the keeper k j draw 
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he magnet towards the bent part of the horse- 
shoe; when it has arrived there, lift it off, and bring 




Fig. 22. 



Fig. 23. 



t back to its first position; repeat the operation 
or about a dozen times; then turn the horse-shoe 
bar with its keeper still on, and repeat the opera- 
tion as before ; and so on. 

The polarity of each leg of the horse-shoe bar 
(vill be similar to that of the leg of the magnet first 
placed in contact with it. 

Fig, 23. shows the method of magnetising two 
borse-fihoe bars at the same time. The bars are 
placed with their extremities in contact, and the 
borse-shoe magnet M is moved from the curved 
part of one bar to the curved part of the other, 
constantly in the same direction. 

The following is also a convenient and efficient 
mode of arrangement (see Jig. 24.) for magne- 
tising bars. 




Fig. 24. 

H H, is the horse-shoe magnet, placed with its 
poles against the extremities of the horse-shoe bar 
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to be magnetised ; a is a soft iron keeper extend- 
ing between the legs of the horse-shoes ; this 
keeper, or feeder, is drawn in the same waj as the 
magnet represented mjig. 23. 

In the same^ straight bars may be magnetised. 




Fig, 25. 

In Jig. 25., m m represents the magnet, a the 
feeder, b b, the two bars to be magnetised, and k 
their keeper. 

When magnetic bars are not in use, they should 
always be put away with their keepers upon them ; 
this not merely preserves their magnetism, but also 
tends to increase it. 

A compound horse-shoe con- 
sists of a number of horse-shoe 
magnets bound together by 
screws, and connected at their 
poles by means of a keeper, as 
shown in fig, 26. 

Fig, 27. represents a lot of 
bars bound together in the same 
manner. ^. «^ ^. 

Fig. 26. Fig. 27. 

On the best quality of Steel for making Magnets, 

"The steel best suited for artificial magnets is of 
a fine grain, of uniform structure throughout, and 
free from flaws. A principle requisite is, that it 
should possess a proper degree of hardness, and 
that it should be equally hardened throughout the 
entire mass; for, if loo hard, it is extremely dif- 
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ficult to impart to it any magnetic virtue ; and, if 
too soft, it readily loses it when given. It has been 
found most advantageous to make the steel in the 
first instance brittle, like glass, and then to heat it 
a second time, till it becomes of a straw or violet 
colour. 

The capacity and tenacity of artificial magnets 
are also affected by their form and dimensions. It 
has been ascertained that the breadth of a bar 
magnet should be about one-twentieth of its length, 
and its thickness from one-fourth to one-third of its 
breadth. In a horse-shoe magnet, the space be- 
tween the two poles ought not to be greater than 
the thickness of the bar of which the magnet con- 
sists. Lastly, it is necessary that both bar and 
horse-shoe magnets be well polished, and that their 
faces be as level as possible. 

Magnetism is readily excited in soft Iron Bars, 

A bar of soft iron, placed in the direction of the 
magnetic dip, becomes magnetic, from the inductive 
influence of the earth acting like a magnet upon 
the bar. A few blows applied at one' extremity of 
the bar, thereby causing its particles to vibrate, 
will generally aid the inductive influence of the 
earth. 

A bar of iron heated to redness, and allowed to 
cool after being placed in the direction of the 
magnetic dip, will acquire a certain degree of mag- 
netism. Hence, pokers and iron rails, which have 
been kept for a long time standing in a somewhat 
vertical position, are generally found to possess a low 
degree of magnetism. 

A piece of iron wire may be rendered magnetic 
by twisting it until it breaks ; and in like manner 
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files and gimblets, after having been some time in 
use, become so much magnetised as to attract iron 
filings. 

Voltaic electricity is the most powerful means of 
rendering bodies magnetic. 

Experiment Allow a magnetic needle n s, to 
assume its north and south 
direction ; take a non- 
magnetised poker and hold 
it in a horizontal position, 
and at right angles to the 
direction of the needle, so 
as to bring one of its ex. 
tremities, say its lower 
extremity, near to the 
north pole of the needle ; 
the needle will of course^ 
be attracted if the poker 
is not magnetic ; now hold P^' 28« 

the poker in the direction of the magnetic dip, as 
shown in Jig. 28., and the north pole n, will be 
repelled, thereby showing that the lower extremity 
n, of the poker is a north magnetic pole. The 
effect will be increased by striking the head «, of 
the poker with a hammer. 
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Ts order to account for the directive and dipping 
properties of the needle, it has been stated, that 
Tve must regard the earth as a great magnet, 
having a negative magnetic pole Ijing towards the 
north geographical pole, and a positive magnetic 
pole lying somewhere towards the south geogra- 
phical pole. The following experiment is highly 
calculated to illustrate this theory. 

JE^xperiment Place a magnetic needle (see ^^5. 
29. and 30.) n Sy over the middle part, a, of a 
magnetic bar n s ; in this position the needle is 
exactly horizontal, and the south pole of the needle 
is directed to the north pole of the magnet, and 
the north pole of the needle to the south pole of 
the magnet. Thus we can assign a cause for the 
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Fig. 29. 
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Fig, 80. 

directive property of the needle. Now slowly move 
the needle along the bar from a to s ; at the posi- 
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tion B, the north pole of the needle dips towards 
the south pole of the magnet ; at the position c, the 
north pole of the needle dips still more towards the 
the south pole of the magnet ; and at s, the needle 
hangs vertically with its north pole pointing to the 
south pole of the magnet. Now in like manner move 
the needle from A to N ; at the position 6, the south 
pole of the needle dips towards the north pole of the 
magnet ; and so on as before. (In fig. 30., the needle 
is supposed to be suspended by a thread.) Thus we 
can account for the magnetic dip. 

The phenomena of the direction and dip of 
magnetic needles at different parts on the earth's 
surface, are found to coincide with the effects 
which a bar magnet produces on the needle, as 
above described ; hence we are led to conclude that 
the earth is a great bipolar magnet, whose poles 
lie towards the geographical poles of the earth. 
As like poles attract and unlike poles repel each 
other, it follows that the magnetic pole of the 
earth lying towards the north is a negative 
magnetic pole, and that the one Ijring towards the 
south, is a positive magnetic pole. The former 
magnetic pole is situated in North America, in the 
vicinity of Hudson's Bay, in 70° 5' n. lat., and 
114° 55' w. long. ; and the other in 72° 35' s. lat., 
and 152° 30^ e. long. At these places, the dipping 
needle assumes a vertical position, as shown at p 
and K,fig. 81. Sir James Ross found the pole p, 
in the northern hemisphere during his arctic expe- 
dition of 1829. The actual existence of the 
magnetic poles in these places is further confirmed 
by the fact that the magnetic needle^ at different 
parts on the earth's surface, is always directed 
towards these points as magnetic poles< At the 
MAGNETIC EQUATOR M T, the needle assumes a 
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horizontal position. As we approach the magnetic 
pole P9 the north pole of the needle dips more and 




Fig. 31. 

more; and on the contrary, as we approach the 
magnetic pole K, the south pole of the needle dips 
more and more. On the magnetic meridian k g p, 
K V P, &c., the needle has always the same general 
direction, although it varies in its dip. Let n s, 
represent the axis of the earth, b <^ its geogra- 
phical equator, s v n, a geographical %ieridian ; 
K y P, K X p, magnetic meridians; then the 
angles p v K, and p x n, will be the declinations, 
or angles of variation, of the magnetic needle at 
the points v and x, respectively. The commander 
of a ship at v, knowing from his charts the devia- 
tion of the needle at the particular spot, will be 
able to ascertain the true north and south. The 

D 3 



30 MAGNETISM. 

MAGNETIC PARALLELS D F, J L, &C., are LINES OF 

EQUAL MAGNETIC DIP, as shown at T and t^ on the 
magnetic parallel d f, where the needles s n^ s n^ 
dip towards the pole p, at the same angle. 

It must be borne in mind that these different 
magnetic lines upon the earth, are not exactly 
formed by true sections of the sphere like the 
geographical circles. Indeed some of these mag- 
netic lines have the shape of looped curves, or 
curves of double curvature, diflfering more or less 
from the circular lines shown vafig* 31. 

The lines of equal dip have been called isoclinic 
LINES ; these lines, as we have shown, surround the 
globe, running nearly parallel with the magnetic 
equator. It a remarkable fact, that there is a 
coincidence subsisting between these lines, and the 
isothermal lines, or lines of equal heat upon the 
globe : this coincidence indicates that the earth's 
magnetism is intimately connected with terrestrial 
heat. 

The inductive influence of the earth upon bars of 
soft iron (see experiments, p. 13. and 26.), bears a 
striking analogy to the induction of magnetism by 
ordinary magnetic bars. The magnetic effects of the 
earth are undoubtedly attributable to the inductive 
influence of terrestrial magnetism. 

VABU.TIONS OF THE NEEDLE. 

* 

The earth's magnetic powers are subject to both 
regular and irregular variations. These variations 
are indicated by the changes which take place, at 
the same place, in the declination and dip of the 
needle, and in its magnetic intensity. 

The regular variations follow a certain law, which 
enables us to calculate beforehand the changes that 
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in future will take place. These regular variations 
are either secular or periodic. The secular changes 
become only evident after the lapse of years, and 
the periodic are those which, as it were, oscillate 
within short periods of time. 

Of all the secular variations, the declination is 
that which has been most observed, and which has 
been most exactly determined. The dip and in- 
tensity have only recently claimed the attention of 
philosophers. 

About the year 1600, the needle at London 
pointed 4^° to the east of the North ; 1660 it 
pointed due North ; from which time it gradually 
deviated to the west of the North until the year 
1818, when it deviated 24-3*' to the west of North, 
which was its maximum deviation ; but for the last 
30 years its declination has certainly been decreas- 
ing, and in all probability it will continue to do so 
until it again becomes due North, then the declina- 
tion will increase towards the East until the needle 
has again attained its maximum eastern declination, 
when it will again return. 

All that is known with certainty relative to the 
dip of the needle, is that at present it is decreasing 
in Europe. The maximum dip of the needle at 
London took place about a century ago, when it 
was about 74° ; since that time it has been going 
on decreasing, with great regularity, at the rate of 
3' annually. At London the dip of the needle at 
the present time is about 68°. 

The variation of the magnetic intensity has but 
recently claimed the attention of experimentalists ; 
however, it seems highly probable that this intensity 
is at present decreasing in Europe. 

The compass-needle, also, undergoes diurnal and 
annual variations. These variations appear to be 
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intimately connected with the heat of the sun. 
From sunrise to a little after noon, the north pole 
of the needle moves towards the west, and after that 
time it retrogrades towards the east until a little 
after sunset in the evening, when it remains nearly 
stationary until sunrise. The extent of these vari- 
ations depends, not only on the time of the year, 
but also upon the situation of the place. In London, 
during the heat of summer, the variation is about 
19', whereas, in winter, it is only about 7'. In 
Paris, the summer variation is about 15', and in 
winter about 9'. These variations disappear under 
the magnetic equator ; and on the south of it they 
are found to exist in an inverted order. 

The dip of the needle is also subject to daily va- 
riations, which also appear to depend upon the 
action of the sun's heat upon the earth ; but they 
do not exactly accord with the daily variations of 
declination. 

The variations of magnetic intensity also appear 
to depend upon the sun's heat. 

The irregular magnetic variations are connected 
with certain electrical and meteoric phenomena, 
such as the aurora borealis, lightning, and even 
volcanic eruptions. A flash of lightning has been 
known to reverse the poles of a needle, and even to 
destroy its magnetism entirely. 

THE DECLINATION COMPASS AND MARINER's COMPASS. 

This apparatus is used for observing and measur- 
ing tlie declination of the needle, or, conversely, 
for determining the north and south direction, or the 
meridian line, when the magnetic declination is 
known. It consists of a magnetic needle N s (see^^. 
32.), delicately suspended by means of an agate or 
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Eteel dtp O, resting on a pivot e f is a graduated 
circle, on which is read the division corresponding to 
tlic poaitioQ of the needle. The needle, with its gra- 
duated circle, is placed in a circular box covered 
with glaas. The inatrument is usually furnished 
with ft telescope a b, turning on a horizontal axis 
C D, which carries an air-level and a vertical 
quadrant A, divided to measure the angles described 
by the telescope. The box is capable of turning 




round on a verlical axis, by which it U fixed on its 
stand, in order to bring the telescope in the direction 
of the meridian ; then the angle formed hy the di- 
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rection of iihe telescope, with the direction of the 
needle, gives the angle of declination ; or, when the 
declination is known, the box is turned until the 
angle made by the axis of the telescope and the di- 
rection of the needle are equal to it ; then this gives 
the position of the meridian. 

The marine compass differs from the ordinary 
compass, simply in having a double suspension, 
which admits of its maintaining itself in a horizontal 
position, notwithstanding the rolling of the ship. 
Fig. 33. represents a form of this double suspension; 
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where is the agate or steel cap fixed to the needle 
N s ; D another cap, with a pivot fixed to its upper 
part, on which cap c turns ; A the pivot on which 
the cap D turns. 

THE ASTATIO NEEDLE. 

For the purpose of conducting many interesting 
experiments^ it is requisite to have magnetic needles, 
on which the earth does not exert any directing in- 
fiuence: needles of this sort are called Asiatic 
needles. This object is readily attained by fixing 
two equal needles to a common point of suspension, 
with their contrary poles together. By this means 
the one needle exactly counteracts the directive 
tendency of the other, so that the compound or 
astatic needle will be free to obey the slightest 
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attractive force, without being influenced by the 
magnetic power of the earth. 
Fig. 33a. represents a simple 
and highly serviceable astatic 
needle \ 9 n and n 8 are two 
magnetic needles, of the same r », 

size and magnetic intensity, t" 

connected at their centres by ^ j, 

a wire ab; the astatic needle p. ^ 

thus formed is suspended by a *^' 

fine thread of untwisted silk a c. The application 
of this astatic needle will be noticed in connection 
with the subject of electro-dynamics. 

The inclination compass. 

This apparatus is used for observing and measur- 
ing the dip of the needle at different places on the 
earth's surface, or at different periods of time at any 
place. See^^. 17. p. 18. 



AMPERE'S THEORY OF MAGNETISM 
AND ELECTRO-DYNAMICS. 

Ampere considered that a magnet is formed by a 
magnetic current, which he believed to be the 
same as an electric current, circulating round it 
constantly in the same direc- /c^ ^^=v 

tion, as shown in ^. 34. f^ ^ 

Supposing the magnet to / . )T iTTlT ri 4[j M^-)\\ i -• 
have its north and south \JaBtmBmmK0 
direction ; then the current ^*9* 34. 

enters at the south poles, and circulates round the 
magnet spirally (like a corkscrew), along its length 
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from south to north, as shown in the figure ; that 
is, the current is directed Irom east to west in tiie 
lowerface of the magnet, and therefore from west to 
east in its upper face ; or, in other words, the current 
ia ascending in the face situated on the west, and 
descending in the face on the east. Steel bars become 
magnetfl when this regular current is permanenll; 
excited in them. Ampere established this theory by 
showing, that a hehx of copper-wire, through which 
an electric current is transmitted, possesses all the 
properties of a magnetic needle. As a necessary 
consequence of this theory, it follows that parallel 
currents moving in the same direction mutually 
attract, and that they mutually repel when they are 
moving in a contrary direction. Now wires con- 
ducting electrical currents have really this property. 
This explains why like poles repel and unlike poles 
attract. But this theory will be more fully ei- 
plained in connection with the sutgect of electro- 1 
dynamics. , 
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Galtanisk or Voltaic Electricity is produced by a 
certain chemical action upon two different metala 
when brought into 
contact. Galvanl, of 
Bologna, observed 
that when he touched 
a nerve and muscle 
in the leg of a dead 
frog with two differ- 
ent metals, on bring- 
ing these metals into 
contact, the leg ua- 
derwent a convulsive 
motion, as shown in 
Jig, 35., where z and C are the two metals brought 
into contact at A, the extremity B being in contact 
with the nerve, and d with the muscle. Galvani 
considered this effect as due to something in the 
. animal structure, and hence he called it animal 
' electridttj, but, out of respect to the discoverer, the 
name oi galvani dectricity was given to it. But 
Volta soon after showed, that the effect was entirely 
due to the production of electricity by the action of 
the two metals upon each other, and that the nerves 
and muscles of the animal merely exhibited the free 
electricity, in the same way as any other delicate 
electroscope might do. This leading conception 
conducted him to a series of splendid discoveries, 
and in particular in the first year of the present 
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century, Ie<l him to the constrnctioD of the voltaic 
pile, which stands in the same relation to voltaic 
electricity that the commoD electrical machine does 
to frictioud electricity. 




A number of circular plates of copper and z 
iuid of cloth or card, about 3 inchea diameter, ^ 
provided, and arranged in the form 
of A vu.B,Jig. 36. The hase of the 
pile ia a copper disc, upon which a 
zinc disc ia placed (these two discs 
form what is called a pwr); over this 
pair a aecond similar pair is placed, 
observing always that the copper is 
below the zinc ; the second pair ia 
separated from the first by the cir- 
cular cloth or card, moistened with 
a weak ealin« or acid solution. 
Upon the second pair is placed a 
third, separated also by a moistened 
circular piece of cloth or card, simi- 
lar to that which preceded. In this 
manner a considerable number of pairs are placed 
in the same order, one over the other, and retained 
In their upright position by means of rods of glass. 
When the base-plate of the pile rests upon aa insu- 
lating plate of gla^s, this lower plate is found to be 
charged with negative electricity, whilst its upper 
plate ia charged with positive electricity. These 
extremities are called the poles of the pile or battery, 
the lower extremity being the negative pole, and 
the upper extremity the positive pole. If the 
metals had been ;ilaced in a reverse order, then the 
^lei would also obviously be reversed. Two 
'«\ieft. OM leading from the extreme copper-plate, 
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and tlie otiier from the extreme zinc-plate, conduct 
the electricity of the respeciive poles to any eub- 
stance upon which the electric fluid is required to 
act.. When the extremitiea of these wires are 
brought together, an electric spark passes between 
them, arising from the neutralisation of the two 
different kinds of electricity. When these wires 
are held one in each hand (the number of pairs in 
the pile being sufficiently great), a rapid succession 
of shocks are felL When the cslremities of the two 
■wires are connected by a very fine platinum or 
silver wire about half an inch in length, the neu- 
tralisation of the two electricities causes this fine 
wire to rise in temperature, and to become red-hot. 
The length of the tine wire, which may thus be 
rendered incandescent, is in proportion to the power 
of the pile. 

When the two wires proceeding from the two 
poles of pile are immersed near each other in acidu- 
lated water, the water is decomposed into its two 
constituent gases, hydrogen and oxygen, the oxygen 
being liberated from the wire proceeding from tha 
positive pole, and the hydro- 
gen from the wire proceeding 
from the negative pole; the 
volames of the gases are con- 
stantly in the same propor- 
tions that constitute water; 
that is to say, one volume of 
oxygen to two volumes of hy- 
drogen, as shown in fig. 37. 
In this experiment, tbe sub- 
merged parts of the two wires 
must be platinum. 

Thesephenomennare merely j.. jy 

simple examples of the various 
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ftDd imporlant effects produced by the acUon of tlie 
voltaic pile or battery, which we shall hereafter 
more fully consider. 

When the number of pairs in the pile is so great 
that its height would be in- 
convenient when placed in a Fig SB 
single columD, the plates may 
be arranged in two or more p^nr- 
columns, as shown in^. 38., ' \ 
where the continuity of the -\ 
pile issustained by the bars B I 
and b'. In this case the ne- 
gative pole of the pile is at n, i 
and the positive pole at p, ' 
and the effect of the whole 
is the same as if the second 
were placed over the first, 
and the third over the j, i i | 
second. "-^ _ J -=i~=J 

Volta proposed a second 
arrangement of the pile or battery, called the 
Courontie de Tasses. 

This form of the apparatus is represented in 
^ff, 39. i it consists of a series of cups or glasses. 




EXPERIMENTS ON VOLTAIC ELECTRICITT. 41 

containing a saline or acidulated solution. Each 
pair of copper and zinc plates is immersed in the 
separate cups ; the zinc plate in one cup being 
connected by a wire with the copper plate in the 
succeeding cup, and so on ; the wire Q, proceeding 
from the first zinc plate, forms the negative pole of 
the batterj, and the wire p. proceeding from the 
last copper plate, forms the positive pole of the 
battery ; the same, in matter of fact^ as in the ordi« 
nary pile just described. 

Very great improvements have been made in the 
construction of these batteries ; but before we pro* 
ceed to describe them, we shall give a few simple 
and instructive experiments, calculated to elucidate 
the general principles and effects of voltaic elec* 
tricity, 

PRELIMINABy VIEWS AND SIMPLE EXPERIMENTS ON 

VOLTAIC ELECTRICITY. 

JSxp, 1. Place a piece of sheet-zinc under your 
tongue ; lay a half-crown upon the tongue ; no 
peculiar sensation is felt so long as the two metals 
do not touch each other : now bring the edges of 
the two metals in contact with each other ; a dis- 
agreeable taste, Something like copperas, is instantly 
excited. 

Here the saliva on the tongue between the two 
metals is the exciting cause of the development of 
the electric fiuid ; and when the edges of the metals 
are brought into contact, the voltaic circle is formed, 
and the peculiar sensation of taste is the effect ; 
but when the voltaic circle is broken this sensation 
instantly ceases. The peculiar taste of porter, when 
drunk out of a pewter pot, is also due to the samct 
cause. 

E 8 
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/ Exp, 2. Instead of the half-crown, in the last 
experiment, use a piece of charcoal or a piece of 
cast-iron. 

Exp. 3. The first experiment gave you a taste 
of voltaic electricity ; now the following experiment 
will give you a sight of it. 

Place a silver spoon between the gums and one 
cheek, and a strip of zinc in a similar position on 
the other cheek; complete the voltaic circuit, by 
bringing the extremities of the metals together on 
the outside of the mouth ; a slight flash of electric 
light will instantly be seen. Repeat the experiment : 
the flash will always be seen at the instant the two 
metals are brought into contact ; and a smaller flash 
will be seen at the instant the contact is broken. 
The first experiment may be also performed by the 
silver teaspoon and the zinc-strip. 

Exp, 4. Lay a five-shilling-piece on a larger 
plate of zinc ; on the coin place a live leach or a 
live snail ; so long as the creature does not come 
into contact with the zinc, he appears perfectly at 
his ease ; but the moment he moves, so as to touch 
the zinc, thereby completing the connection between 
the two metals, he receives a shock and instantly 
recoils. 

Exp, 5, Place a silver spoon s, in 
a glass containing a solution of sul- 
phate of copper ; into the same glass 
insert a strip of zinc z. No change 
takes place, in either of the metals, 
so long as they are apart : bring the 
upper ends of the metals in contact 

with each other; the silver spoon will 

become coated with copper, which p. ^ 
will adhere so firmly that mere fric- 
tion will not take it off. 
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This experiment fnllj illastrates the i 

TYPE PROCESS. 

Exp. 6. Place a slip of copper c (see Jiff. 41 .), in 
a glass containing hydro, 
chloric acid ; into the same 
glass insert a strip of zinc z , 
so long as the metals remam 
apart, no chemical action 
can be seen, and no electri- 
city ia developed ; bnng the 
tipper extremities d, of the 
metals into contact , active 
decomposition immediately 
begins ; the chlonne com 
bines with the zinc, and the ' 
hydrogen set free, makes its 
appearance at the surface ot Fig il 

the copper in the form of 

minute huhhles, — voltaic electricity is in action 
Withdraw the extremities of the metals from each 
other, — the electrical circuit la broken — electrical 
action no longer exists , restore the contact, and the 
electrical action ia again renewed 

The disengagement of electncity is always in 
proportion to the chemical action ; and the metal, 
which is most acted upon hy the fluid, gives off its 
negative fluid to the other plate, and the consequence 
of this is, that the current proceeds from this latter 
plate to the former. In the experiment just given, 
the zinc plate is acted upon by the acid, and the 
voltaic current proceeds from the upper extremity 
of the copper plate to the zinc plate, as shown in 
the figure. 

The cheapest acid for generating small portions 
of voltaic electricity with zinc and copper plates is 
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Fig, 42. 



sulphuric acid, diluted with about twelve parts of 
water to one of the strong acid. 

Exp, 7. Bend the zinc z, as shown in Jig. 42. ; 
place a bit of blotting paper, moist- 
ened with iodide of potassium, upon 
the zinc at a; bring the extremity b 
of the strip of copper c (or platinum), 
in contact with the moistened paper; 
the current of the electric fluid passes 
in the direction of the arrow ; the 
iodide of potassium is decomposed 
by the electric current ; the iodine 
is evolved at the positive pole, and 
the alkali, free potassa, at the nega- 
tive pole. 

The experiment will be more striking if a drop 
of a solution of starch be also added to the moist- 
ened paper. 

JSxp, 8. Perform the same experiment with the 
bibulous paper moistened with prussiate of potassa, 
slightly acidulated with hydrochloric acid. 

Exp. 9. Twist a piece of copper wire in the 
form of a spiral or helix, round a small glass tube ; 
connect the extremities of the wire with the zinc 
and copper plates immersed in diluted sulphuric 
acid ; insert a steel needle into the glass tube ; 
after a short time the needle will be found to be 
powerfully magnetic. 

JExp, 10. Bend a piece of soft iron wire h, into 
the form of a horsershoe magnet ; twist a piece 
of copper wire, covered with silk or cotton, round 
this wire as shown in ^g, 43. ; connect the ex- 
tremities of this wire with the voltaic plates z 
and G ; the horse-shoe wire h, instantly becomes a 
magnet. If you have not got any covered wire 
at handf wrap a piece of paper round the horse* 
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shoe wire before you twist the copper wire round it. 





Fig. 43. 



Fig. a. 



Exp. 11. Place the copper wire C z, connecting 
the voltaic plates, in the plane of the magnetic 
meridian ; bring a magnetic needle exactly over 
the wire O z; the needle will be deflected from 
its north and south direction by the action of the 
wire C ^ conducting the voltaic current : now 
bring the needle exactly below the wire c z j the 
needle will be deflected to the side opposite to 
that towards which it was before deflected. 



REMARKS BELATIVE TO BATTERIES QEIfERALLT 
AND TO THE DIRECTION OF THB VOLTAIC OCR- 
RENT. 

Fig. 45., represents a single pair of zinc and 
copper plates acted upon by a diluted acid ; the 
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Fig, 45. 



connecting wire c z, shows the direction of the 
electric fluid ; that portion of the copper 
plate which is immersed in the acid, 
becomes charged with negative electri- 
city, and, as a necessary result of the 
law of electrical repulsion, the positive 
fluid is driven off from the upper extre- 
mity, hence the direction of the* current. 
In all batteries, the current will always 
proceed from the wire attached to the 
metal least acted upon by the decomposing fluid. 

In Volta's battery, represented in Jig. 39., of 
which all other batteries may be regarded as mere 
modifications, the wire p, attached to the last 
copper plate will be a positive or -f pole, and the 
wire Q, attached to the first zinc plate will be a 
negative, or — pole. 

Fig, 46. represents a voltaic arrangement of 
two plates Pt, Pt., of the same metal, viz. platinum, 
immersed in ditferent fluids. A, an alkali, and c, 
concentrated nitric acid, separated by a porous 
partition a b. The platinum immersed in the 
alkali becomes positively electrified, and that in the 
acid negatively electrified, and the current flows as 
shown in the figure. 





Fig. 46. Fig, 47. 

Fig, 47. shows the voltaic action which takes 
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place, when different metals are immersed in 
different fluids. The platinum plate Pt, is im- 
.mersed in concentrated nitric acid m, and the 
zinc plate z, in concentrated sulphuric acid s, the 
two acids being separated from each other by the 
porous partition a b» In this case the most 
intense electromotive tension is excited, the one 
metal being immersed in that fluid which renders 
it most powerfully negative, and the other metal in 
that fluid which renders it most powerfully posi- 
tive. This is the principle upon which Groove's 
battery acts, which is certainly the most powerful 
that has yet been constructed. 

DIFFERENT FORMS OF THE VOLTAIC BATTERY. 

Cruicksliank's hatterj/y represented in Jig. 48., 
consist of an oblong 
trough of baked wood, 
divided into cells, to 
be filled with acid, by 
a number of pairs of 
rectangular plates of 
zinc and copper. This ^^9- 48. 

form was a decided improvement on the common 
pile, but still it had several inconveniences in 

practice. 

The arrangement represented in ^^. 49., re- 
moved many of these inconveniences. It is merely 
a slight modification of the Couronne de Tasses, 
represented in fig. 39. The trough T, with its 
cells, is made of Wedgewood-ware ; the plates of 
zinc and copper, forming each pair, are soldered 
together by a connecting rod at the top, leaving them 
sufiiciently apart at the bottom to span the partitions 
of the trough. The plates, thus joined in pairs, are 
all attached to a wooden bar c d, by which they may 
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Fig. 49. 

be readily let down into the trough, when they are 
required to be ia action, or withdrawn from the 
trough when the action ie to be suspended. 

The greatest advantage attending thia arrsnge- 
ment is, that by simply raising the plates, the fluid 
may remain in the trough while the action of the 
battery is suspended. 




Wu\W*/o»'j battery. WoUaaton, haring dis- 
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covered tliat tlie effect of the foregoing battery was 
augmented hy increasing the surface given to the 
copper, he enveloped the zinc plate of each pair 
with the copper plate of the preceding one^ taking 
care, at the same time, to avoid all metallic contact 
between these two plates. By this arrangement, 
the copper plate has double the surface of the zinc 
plate. 

F'ig, 51. represents a more convenient form of 
tbis battery, where the trough is replaced by a 




Fig, 51. 

series of glass jars. The acid can be more easily 
changed or discharged from these separate cells, 
than from the cells in the trough of the preceding 
form of the apparatus. 

The Helical battery. In this battery the 
zinc and copper are wound into the form of a helix, 
and plunged into a glass vessel, containing the 
diluted acid ; the helix of the zinc, in each paif, 
most not be in metallic contact with that of the 

F 



50 



VOLTAIC ELECTRICITY. 





Fig, 52. 



Fig, 53. 



copper ; but the helix of zinc in one vessel must be 
in metallic communication with the helix of copper 
of the succeeding pair, and so on, as in WoUaston's 
battery. Fig. 52. shows the manner of forming each 
pair of helixes^ andy?^. 53. the trough adaptation 
for each pair. This arrangement presents a great 
surface of metal in each pair to the action of the 
acid, without the necessity of having very large 
troughs. The acid mixture for charging this 
battery, is water mixed with ^\jth in volume of 
strong sulphuric acid, and -^th, of nitric acid. 

The batteries hitherto described, all have one 
decided inconvenience, viz., that after a short 
time they lose their power, which occasions them 
to act with a variable force during the same course 
of experiments. The zinc plates soon become 
covered with sulphate of zinc, and the copper 
plates with hydrogen and even oxide of zinc ; these 
deposits not only greatly reduce the power of the 
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battery when in nse, but also require the plates to 
be cleaned before being put into action again. 
In order to avoid these inconTeniences, Dauiell, 
G-rove, and Bunsen invented their constant bat- 

constaut batteries. 

These batteries are constructed on the principle 
explained in connection with Jiff. 47., p. 46. j wiiere 
the porous partition, without interrupting the con- 
duction of the voltaic fluid, prevents the accumula- 
tion of depositions upon the plales- 

Dani£ll*b constant battery. 
A single pair of this battery is re- 
presented in Jiff. 54. A, ia a cop- 
per vessel; c, a porous cell, 
■which is inserted a cylinder of 
amalgamated zinc b ; a and b, are 
binding screws for connecting tha 
respective metals with others in the 
series, of for attaching conducting 
Tvirea when a single pair only is to 
be used. The cell c, into which 
the zinc dips, is filled with diluted 
sulphuric acid (one of strong acid 
to about twenty of water) ; and the 
copper vessel A, is filled with a 
saturated solution of sulphate of 
copper. So long as the poles a and 
b, are disconnected, no action will take place j but 
the moment the circuit is completed by connect- 
ing the screws a and b, a very powerful action 
occurs; the inner surface of the copper vessel 
becomes gradually covered with a layer of pure 
copper, and the porous cell c, becomes charged 
with sulphate of zinc This process tends to 
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deprive the solution of sulphate of copper of its 
copper, and to neutralise the sulphuric acid by the 
dissolution of the zinc ; in order therefore to sustain 
the action unimpaired, some crystals of sulphate 
of copper are placed upon a perforated shelf c, in 
contact with the solution. 

Fig, 55., shows the manner in which a series of 
these cells are connected so as to form a battery. 




Fig. 55. 

The advantages of this battery are as follows : — 
(1.) The solution of the zinc is kept apart from 
the copper by the porous cell. (2.) The hydrogen, 
instead of escaping, as in the ordinary batteries, 
combines with the oxygen of the oxide of copper, 
and precipitates pure copper upon the side of the 
copper vessel, and does not in the slightest degree 
affect the action of the battery. (3.) There are 
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I fumes arising from the action of the 
battery. (4.) The amalgtiination of the zinc, with- 
out at all affecting the production of electricitj 
by the battery, prevents the cine from being dia- 
eolved by the sulphuric acid when the battery ia 
not in use, that is to say, when its poles are not 
united by a conductor ; but the moment this union 
takes place, the zinc is attacked by the acid, just 
aa if the mercury were not there, only the oxide 
that is formed does not adhere to the surface of 
the metal, which it would do if the zinc were not 
amalgamated, and would thereby tend to weaken 
the action of the battery. Plates of zinc are very 
easily amalgamated, by pouring mercury upon the 
zinc, and at the same time keeping rubbing it on 
the surface with a piece of chamois leather dipped 
io diluted sulphuric, which cleans the surface of the 
zinc, and thereby brings the mercury and zinc into 
combination. 

Grove's batteht. This 
battery ia constructed on 
the same principle as that 
of Daniell'e, that is to say, 
the plates are acted upon | 
by two liquids separated " 
from each other by a 
porous earthenware par- 
tition. The pairs of 
plates are composed of 
amalgamated zinc z, and 
platinum foil Ft, plunged 
into a cell A B o D, com- 
posed of glazed porcelain ^ 
or glass. The cell a b d, 
is filled with diluted Bul- 
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pburic acid, which acts directly upon the zinc; and 
the porous cell a, into which the platinum is 
plunged, is filled with nitric acid. The platinum 
plate Ft, is in metallic contact with the zinc of the 
succeeding cell, as shown at a ; and so on to the 
whole series of cells in the battery. As the power 
of these batteries is much increased by giving to 
the zinc plates a very large surface as compared 
with the surface of the platinum plates, the zinc 
plates are bent round the porous cell a, so that 
they form in each cell two vertical surfaces^ united 
by a horizontal surface at the bottom. 

When the poles of this battery are united, so as 
to bring it into action, the hydrogen, arising from 
the decomposition of diluted acid, does not attach 
itself to the platinum, but goes to change the nitric 
acid into nitrous acid ; the oxide of zinc remains, 
as in Daniell's battery, in the cell of the diluted 
acid, without penetrating through the porous cell 
to the platinum, which consequently remains 
perfectly clean ; this circumstance essentially con- 
tributes to keep up the power and constancy of the 
battery, which render it so valuable as a voltaic 
combination. After a time, however, the nitrous 
acid, which is constantly formed, acquires a high 
temperature and gives off deleterious fumes ; when 
this takes place, the action of the battery should be 
arrested. This battery, for almost every purpose, 
is the most powerful that has yet been constructed. 
About half a dozen cells, with a platinum surface 
in each of ten square inches, will be found suffix 
ciently powerful for performing all the most 
interesting experiments connected with voltaic 
electricity. 

Bunsen's battery differs from Grove's only in 
charcoal being substituted for the platinum. The 
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cells of this battery have the cylindrical form, 
represented in fig, S7., in consequence of the 
carbon or charcoal being best made in the form of 



hollow cylinders. The strip of copper a b, showa 
how tbe zinc of one cell is united with the carbon 
cylinder of the succeeding coll ; and so on. The 
figure also shows how the strips of copper C and d, 
forming the poles of the battery, are connected 
with the extreme cells of the battery. 

Each charcoal cylinder, usually carries a collar 
of copper at its upper end for tbe purpose of fixing 
the connecting strip of copper to it ; this copper 
stands above tbe glass vessel so as not to come in 
contact with the nitric acid ; however, it is fouod 
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tliat, owing to the porous nature of the charcoal, th« 
acid, to a certain extent, rises to the copper collar, 
and in time destroye its efBciencj. The following 
contrivance, aeejfj. 58., completely remedies this 




Fii) 58 

inconvenience : the charcoal cylinder C, is solid, 
and into its top is thrust a stout copper rod tt ji, 
which is hent so as to be hrought into contact with 
the succeeding zinc cell To prevent the acid 
ascending to this copper rod, the top of the char- 
coal cylinder surrounding the wire is covered with 
a cement of wax. 

It is almost unnecessary to say, that the charcoal 
cylinder in this battery is plunged into the nitric 
acid, filling the porous tube or cell, and that this 
porous cell ia placed within the cylinder of amalga- 
mated zinc, which is surrounded by the diluted sul- 
phuric acid filling the glass jar or porcelain vessel. 

[Thia battery is comparatively cheap, and the 
author curi state, from his own experience, tliat it 
possesses great power, and is easily brought into 
action.] 

Smer's battert. In this battery the plates are 
acted upon by only one liquid, viz., diluted aul- 
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pbarlc acid (one part of acid to about seven parts 
of water.) Fig. 59. represents one of the cells of 
this battery, a, the earthenware 
cell filled with the diluted acid ; 
2 z, two vertical plates of amalga- 
mated zinc, one on each side of | 
the platinized plate of silver s; 
v>, a bar of wood to which these 
plates are fixed ; b, a binding 

screw which secures the zinc 

plates to the wooden bar. The 

connections arc made, as usual, 

by means of the small binding 

screws shown in the figure. This 

forms a highly economical and 

efficient battery. Althongh its 

power may be less than Grove's battery, at the 

same time it is in many respects more convenient 

and agreeable for general use, especially for con- 

ducting experiments relating to electromagnetism. 

TOLTAUETBRS. 

These instruments are ased for measuring the 
power of a battery. There are three kinds of 
voltameters at present in use; one of them depends 
upon the decomposing power of the battery, 
another upon its beating power, and the third upon 
its magnetising power. 

It has already been shown how the poles of a 
battery resolve water into its constituent gases, 
hydrogen and oxygen. Now it is presumed that 
this decomposing power of a. battery is in propor-, 
tion to its general power, or rather in proportion 
to the quantity of electric fluid developed by the 
battery. How in the gas voltameters, represented 
in /y(. 60-, 61., and 62., the quantity of gas 
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liberated by the poles of the battery in a given 
time is taken as the measure of the power of the 
battery, or, what amounts to the same thing, the 
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Fig. 61. 



po^er may he measured according to the inverse 
ratio of the time requisite for liberating a given 

volume of the gaa. 

In ^g. 60., the platinum poles of the battery are 
placed vertically in a graduated glass tube d ; very I 
near to each other ; the lower extremities a. and b, ' 
come out at the bottom vessel v, containing the 
water, so that a connection may be readily made 
between them and the wires leading from the . 
extreme plates of the battery. The two gases in 
this instrument are received in the same tube; 
tbey may, however, be received in separata tubes, 
as in the instrument represented in^^. 37. ; but in 



VOLTAMETEBS. 



59 



this case the platinum poles, being at a greater 
distance from each other, causes the decomposition 
to go on more slowly. When 
the battery has very great 
power, the gases are usually col- 
lected in a graduated receiver d, 
{Jig< 61.) placed upon the pneu- 
matic trough N; the decomposi- 
tion of the water takes place in 
a bottle K, fitted up with a cork 
and bent tube A, for conveying 
the gases to the receiver d; the 
platinum poles or electrodes p, 
hanging near together within 
the bottle, are connected with 
the wires b and c, leading to 
the extreme plates of the bat- 
tery. 

Fig. 62. represents an eligible 
form of this apparatus, when 
the liberation of gas is very 
feeble. The quantity of gas is 
measured by the amount of dis- 
placement of the liquid. A 
graduated tube A, proceeds 
laterally from the lower part of 
the vessel v, wherein the decom- 
position of the water is carried on, so that as the 
gases rise to the top of the closed vessel v, an 
equal volume of water is thrown up the tube a. 

The three following voltameters depend upon 
the jcalorific effects of the battery. 

Fig. 63. represents a voltameter^ which is merely 
a slight modification of the common pyrometer. 
The platinum wire a by forming a portion of the 
voltaic circuit, becomes powerfully heated and 
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expands, and allows the pointer a d, to fall ; the 
graduation on the quadrant indicates the amount 
of expansion, and consequently the relative power 
of the battery. 





Fig, 63. 



Fig. 64. 



Fig. 64. represents a still more sensible volta- 
meter, in which the platinum wire, forming a 
portion of the voltaic circuit, passes through the 
bajll of an air thermometer ; the expansion of the 
air by the heat of the wire, causes the liquid to 
rise in the vertical graduated tube ; and so on. 

The magnetic voltameter will be hereafter fully 
described. 
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CHEMICAL EFFECTS. 

The chemical action of voltaic electricity upon 
different substances placed in the circuit, forms 
one of its most important and remarkable features. 
It has been shown that frictional electricity exerts 
a chemical action, but it is very feeble as compared 
with that which even small voltaic batteries 
exert 

One of the most remarkable facts connected 
with these decompositions is, that certain elements, 
into which the substances are resolved, always 
arrange themselves on the positive pole or elec- 
trode, and certain other elements always arrange 
themselves on the negative pole or electrode. Thus 
oxygen, chlorine, iodine, and the acids, always fly 
to the positive pole of the battery, and hydrogen, 
alkalies, oxides, &c., always fly to the negative 
pole ; for example in the decomposition of water 
(see page 39.) the oxygen is accumulated in the 
tube placed over the positive pole, while the hy- 
drogen is accumulated in that placed over the 
negative pole. This fact has led to the formation 
of a system of elbctro-ohehistby. The respec- 
tive poles are supposed to be in a contrary 
electrical state to the elements which they attract ; 
hence, oxygen, chlorine, acids, &c. are negative 
elements, and alkalies, oxides, &c. are positive. 
Every chemical compound, therefore, consists of 
a negative element and a positive element, which 
are held united by the law of electrical attraction. 

Q 
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Exp, L Decomposition op water. This is 
most elegantly performed by the apparatus de- 
scribed at page 39., but the following simple form 
of making the experiment is highly inBtructive. 

Immerse a strip of amalgamated zinc, and a strip 
of clean copper into a glass of water slightly 
acidulated with sulphuric acid : so long as the 
metals are kept apart, no action can be observed^ 
but the instant that the upper extremities of the 
metals are brought into contact the water is de- 
composed, numerous little bubbles of hydrogen 
collect round the copper, and the oxygen at the 
same time passes to ttie zinc and oxidises it. 

Exp, 2. Decomposition of neutral salts. 
Fill the two tubes of the apparatus represented 
in Jig, 37. page 39., with a solution of sulphate of 
soda, or any other neutral salt, coloured blue with 
tincture of violets ; then when the battery is in 
action, the acid will be attracted to the positive 
electrode, and will render the liquid in the tube red, 
and the alkali will be attracted to the negative 
electrode, and will tinge the liquid in the tube 
green ; transpose the poles and the effects will be 
reversed. 

Exp, 3. To precipitate a metal from the 
solution of a metallic salt. Fig, 65. repre- 
sents a simple piece of apparatus for pro- 
ducing this decomposition, a, is a glass 
tube about an inch in diameter, having a 
piece of bladder tied over its lower extre- 
mity, and suspended in a large glass vessel 
h ; pour a solution of acetate of lead, 
(sulphate of copper, nitrate of silver, ^c, 
will answer the purpose) into the glass '^. 7? 
tube a ; fill the outer vessel with diluted *^* 
sulphuric acid ; into the solution of lead immerse 
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a platinum wire p, and into the diluted sulphuric 
acid plunge a strip of amalgamated zinc z, in 
metallic contact with the platinum ; then a voltaic 
circuit will be formed, consisting of two metals and 
two exciting fluids ; the acetate of lead will be de- 
composed^ the metallic lead will be attracted to the 
platinum, and the acid to the zinc. 

The metallic vegetations called the had trecy &c. 
depend upon the voltaic action. 

Exp. 4. Connect the tin-foil plate g^ with the 
copper pole of a small battery, and the metal 
plate D, with the zinc 




o 






pole of the battery. Lay 

a piece of white blotting 
paper^ soaked in a di- 
luted solution of hydro- ^ 
chloric acid and prussiate 
of potassia, upon the 
plate D ; draw a number "^'^* ^^" 

of strokes with a brush dipped in varnish across 
the plate o, as shown in Jig. ^^, ; take a bent 
wire A, and connect the two plates with it ; move 
the wire from end to end ; then the electro circuit 
will be complete whenever the wire connects the 
metallic foil and the damp paper, and the circuit 
will be broken at those parts where the wire 
passes over the varnish ; the solution on the paper 
will be decomposed at the former parts, but will 
remain unchanged at the latter parts, as will be 
shown by the deep blue marks formed upon the 
paper by the decomposition of the prussiate of 
potash. 

This experiment illustrates the principle on 
which the copting electbic telegraph is con- 
structed. 

O 2 
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Electrotyping. 

The decomposition and reduction of metals, in a 
state of solution, by the voltaic battery, has led to 
some important discoyeries in the arts, such as 
electrotyping, electroplating, &c. 

The experiment given in connection with,/^. 49. 
page 42. is a familiar example of electroplating ; 
electrotyping depends upon the same principle. 

Fig. 67. represents a very simple contrivance 
for obtaining small electrotype casts. A, is a glass 
vessel in which the mould from which 
the cast is to be obtained, is placed. 
B, is a glass tube suspended within 
the vessel a, by means of a metallic 
ring d e, to which are fixed three 
strips of metals. The lower end of 
this tube m n, is closed by tying a 
piece of bladder over it. The strip 
of brass b c, has two binding screws 
b and a, by which the wires a z, ^ 

and b k, are secured ; the lower Fig. 67. 
extremities of these wires carry the substances z 
and ky which act as the electromotors or voltaic 
plates constituting the simple battery, z, is an 
amalgamated zinc plate, suspended within the 
tube ; A, is the body from which the cast is to be 
taken, laid on the spiral shaped-extremity of the 
wire b k ; the model is the negative electromotor, 
and z, the positive electromotor. The large glass 
A, contains a concentrated solution of sulphate of 
copper ; this is always kept in a saturated state by 
having crystals of sulphate of copper suspended in 
it ; the tube b, is filled with diluted sulphuric 
acid ; the liquids should stand at the same level in 
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both vessels. According to this arrangement, the 
electric current passes from the zinc z, to the 
mould h ; and pure metallic copper is deposited 
upon the surface of the mould, and in time forms 
a complete cast of the surface. 

The following particulars should he attended to 
in making electrotype casts. The surfaces of the 
originals should he good conductors, and they 
should not contain any substances which would be 
acted upon by the sulphate of copper. The model 
may be of gypsum, wax, or any similar non- 
conducting substance, provided the surface of the 
model be covered with a metallic coating : plum- 
bago dust or bronze powder, laid on with a camel's 
hair brush, forms a very good coating. A wax 
impression should be first slightly moistened with 
alcohol, and then the black lead should be rubbed 
over it with a stiff brush ; the copper wire should 
then be warmed and pressed into the margin of the 
wax, the connection between the wax and wire 
should then be made with the black lead. A 
coating of wax dissolved in turpentine will protect 
any part of a coin from any metallic deposit. In 
every electrotype cast the elevated portions of the 
original will be depressed, and vice versa; in order 
therefore to obtain exact fac-similes of the 
original, the first cast must be used as a matrix on 
which the coating of copper must be thrown by the 
electrotype process. 

JFig. 68. represents a more convenient arrange- 
ment, z is the amalgamated zinc rod, suspended 
in the porous cell p, which contains the diluted 
sulphuric acid ; c, the glass or earthenware vessel 
containing the solution of sulphate of copper; w, 
the copper wire connected with the zinc by a 
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bioding screw, and carrying at its 
lower extremity the seal or mould m. 
Fig. 69. representa anoth^ ar- 
rangement, where the current is 
generated in a distiact battery A. ; b, f| 
is a distinct vessel for condacting 
the electrotype process, m, is a 
metal rod for supporting the moulds, 
and c, another rod supporting copper 
plates, which form the posit iv 
electromotors ; x, connects th 
moulds with the zinc in the battery, '. 
and z, connects the copper plates 
with the copper plates of the batten'. 
The vessel B, contains two parts of saturated aolu- 
tion of sulphate of copper, aud one part of sulpbui' 




Fig. S8. 




Fig. 69. 



acid diluted with about seven parts of water. The 
action which takes place is simply as follows : the 
copper is consumed from the plates c, and deposited 
on the moulds m ; bo that the copper solution in 
the vessel b, remains unchanged in its strength 
from the commencement to the close of the process. 
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ELECTROPLATING EXPERIMENTS. 

£xp, 1. Place a small plate of clean platinum 
foil in a saucer, and pour over it a solution of 
sulphate of copper covering it to the depth of 
about a sixteenth of an inch ; touch the platinum 
plate with a pointed strip of bent zinc, the other 
end of which is kept in the liquid; different 
coloured rings of metal wiU be formed upon the 
platinum plate. 

JExp. 2. The brilliancy of the depositions will 
be much increased by using a constant battery of 
three or four pairs of cells. 

PROTECTION OF METAL PLATES BT VOLTAIC 

CURRENTS. 

Voltaic currents not only affect combinations 
and decompositions, but they may also be employed 
for impeding or arresting certain decompositions 
which would otherwise tike place by the ordinary 
laws of chemical affinities. Thus for example, Davy 
protected the copper bottoms of ships from the cor* 
rosion of the saltwater, by connecting plates of zinc 
with the copper sheathing. In order to protect a 
metal from the chemical action of an acid or a 
saline solution, it is only necessary to combine the 
metal with some other metal in the fluid, which 
shall act as the positive electromotor* 

JSxp. I. Place a copper plate in a saucer ; pour 
some diluted sulphuric acid upon it ; then the metal 
will be violently acted upon by the acid; now 
touch the copper with a strip of zinc, and the 
action on the copper will be instantly arrested; 
the action will now be transferred to the zinc, and 
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the copper will remain unaffected hj the acid, 
until the whole of the zinc he dissolved. 



LUMINOUS AND HEATING EFFECTS OF VOLTAIC 

ELECTBICITY. 

The most brilliant of all the effects of voltaic 
electricity is the arch of electrical light evolved 
between two charcoal points. This phenomenon 
may be exhibited with about a dozen pairs of 
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Fig. 70. 

Grove's or Bunsen's battery. This experiment 
may be most conveniently performed by fixing 
charcoal points (pieces of graphite answer best) to 
the rods of a universal discharger. The poles of 
the battery are respectively connected with the 
extremities of the rods, as shown in^^. 70., where 
the arch A b, represents the form of the voltaic 
light. The points must be first brought into 
contact with each other, and then gradually with- 
drawn until the arch attains its most brilliant 
appearance; the length of the arch of course 
varies with the power of the battery ; that is, with 
batteries of average power, from three quarters of 
an inch to about an inch and a half. This arch of 
fiame is not produced by combustion, for it may 
be exhibited with equal brilliancy in a vacuum, 
and even takes place under water. 

The intense heat of this electric arch will ignite 
the most refractory substances. 

JSxp. 1. Amalgamate the ends of the polar 
wires; bring them near together, while the 
battery is in action ; a white starlike spark will be 
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seen accompanied with a crackling noise similar to 
the emission of a feeble spark of frictional electri* 
city. 

Exp, 2. The spark obtained from these amalga- 
mated points may be seen under water, or in the 
flame of a candle. 

Exp. 3. Immerse one of the wires into mercury, 
and bring the end of the other wire near the 
surface of the fluid ; a spark is emitted just before 
the wire touches the mercury, leaving a small 
black speck upon its surface. 

Exp. 4. Coat the ends of the polar wires with 
800I9 by holding them for a short time in the flame 
of an oil lamp ; the sparks obtained from these 
coated wires will be much stronger and brighter. 

The power of a voltaic battery, as we have 
already shown, is roughly estimated by the heat 
which it produces in a given conducting wire. 
The temperature to which a conducting wire will 
be raised by a battery, depends upon the length and 
thickness of the wire, as well as upon the nature of 
the metal, whether or not it is a good or a bad 
conductor of electricity. Short fine wires become 
most heated, and of all metallic wires, platinum, 
being the worst conductor of electricity, becomes 
most powerfully heated by conducting the electric 
fluid. 

The calorific efl^ect appears to depend more upon 
the size of the plates than upon the number of 
pairs ; that is to say, it depends upon the quantity 
of the electric fluid evolved rather than upon its 
intensity or tension. 

The calorific effects of the voltaic battery may be 
most conveniently shown, by stretching the wires to 
be heated between the extremities of the rods of 
the universal discharger (see^^. 70.). 
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Exp. 1. To show the heating power of a batterj. 
Stretch a piece of fine steel wire between the poles 
of the battery ; the wire, if it is not too long, will 
instantly become powerfully incandescent. If on 
the first trial, the wire only presents a dull heat, 
gradually reduce the length of the wire, until it 
glows with a white heat ; reduce the length of the 
wire a little more, then it will be first fused^ and 
then ignited. 

The same experiment may be performed with 
platinum, or silver wire. 

Eocp, 2. ^ther, alcohol, phosphorus, gunpowder, 
&c. may be readily ignited by making the hot 
platinum connecting wire to pass through them, or 
to touch some portion of them. 

Exp. 3. If the platinum wire be conducted 
through a small portion of water, it will speedily 
boil. 



PHTSIOLOGIOAL EFFECTS OF VOLTAIC ELEC*v 

TRICITT. 

The relation between voltaic action and the 
nervous system of animals, was very carefully 
investigated at a very early stage of the history of 
voltaic electricity. 

The peculiar nature of this relation is explained 
at page 37. of this work, when a small battery is 
employed. 'But with large batteries the effects are 
truly surprising. Dr. Ure thus describes his 
experiments upon the body of a full grown man, 
fifteen minutes after death. Upon applying one of 
the polar wires to the forehead, and the other to the 
heel, every muscle in his countenance was simul- 
taneously thrown into fearful action ; rage, horror, 
despair, anguish, and ghastly smiles united their 
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hideous expression in the murderer's face. At 
this period several of the spectators were forced to 
leave the apartment from terror and sickness, and 
one gentleman fainted. 

The physiological effects of voltaic electricity 
appear to depend upon intensity, rather than upon 
quantity, that is to say, upon the numher of pairs 
in the battery, rather than upon their extent of 
surface. 

The effect of the voltaic shock is much increased 
by attaching copper cylinders to the extremities of 
the conducting wires, and also by dipping the 
hands, by which the shock is received, in water 
slightly acidulated. 

The magnetic effects of voltaic electricity are so 
various and interesting, that they have been treated 
as a distinct branch of electrical science, called 
ElectrO'Dyfiamics* 
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ELECTRO .MAGNETISM. 

It has already been shown (Exp. 9. p- 44.) how 
a steel needle may be magnetised by passing a 
voltaic current through a wire helix. When a 
helix is wound to the right, or in the direction of a 
corkscrew, it is called a right-handed helix, as 
shown in J^i^. 71., and when the helix is wound in 




Fig, 71. Fig, 72. 

the contrary direction, that is, to the left, it is 
called a left-handed helix, as shown in j^g. 72. 
Helix wires should be formed of copper wire, 
covered with silk, for the purpose of insulating 
them. 

When a needle is mtzgnetised by a current pctss- 
ing through a right-handed helix, or a corkscrew 
helix, the south pole of the needle is always at the 
extremity through which the currents enter, that is 
to say, at the extremity that is in connection with 
the positive electricity. On the contrary, when a 
needle is magnetised by a left-handed helix, the 
north pole is at the extremity which is in connec- 
tion with the positive electricity. 

These facts are in exact accordance with Am- 
pere's theory of magnetism (see p. 35.) ; for the 
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electric current moves round the magnetic bar in 
precisely the same manner as the magnetic current 
is supposed to do in that theory, thereby showing 
that the electric current which induces the magnetic 
condition is equivalent to the magnetic current 
upon which the ordinary magnetic condition is 
supposed to depend. 

Let s isi.Jig* 73., be a right-handed helix, that is, 
a corkscrew helix, through which the electric cur- 
rent enters at s, and passes out at N ; then, from 
what has been said, the helix will become a magnet, 
having the extremity S for its south pole, and N for 
its north pole. This may be tested experimentally 
by using De la Rivers floating battery. The ex- 
tremities of the helix are connected 
with zinc and copper plates z and o, 
fixed in a piece of cork, so as to 
make the whole apparatus to float in 
a strongly acidulated liquid. This 
float battery, like the floating needle, 
will place itself in the north and south direction of 
the needle ; the extremity s, through which the 
current enters, will be directed to the south. 

The Author has found the following form of this 
apparatus to be very convenient in practice. 

B is a deal- 
board, having two 
concentric grooves 
E and F cut in it, 
and filled with 
mercury; the wires 
N and H connect 
the mercury in 
these grooves with 
the binding-screws 
and z, to which the poles of the battery are at- 
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tached ; e H is a corkscrew helix surrounding a, 
soft bar of iron ; one extremitj of the wire dips 
into the mercurj of the groove f, and the other 
into that of the groove e. ; the soft iron bar, with 
its hells, turns upon the pivot a. When the posi- 
tive pole of the batterj ia fixed to the binding- 
screw 0, and the negative pole to the binding-screw 
z, the helix, with its soft iron bar, becomea an 
actual magnetic needle, and will settle itself in the 
direction of the magnetic meridian, the extremitv s 
being directed to the south, and the other eztremitj 
H to the north. 

If the soft iron bar be taken awaj, and a steel 
needle be inserted in its place, the needle will be 
magnetised, having the extremitj towards a a south 
pole, and the extremitj towards n a north pole. 

Fiff, 75. represents 
another form of the j^i---.— ^^'S 
floating batterj, where ■- ■ n 
the copper and zinc 
plates are immersed in 
a glass tube, filled with 
the diluted sulphuric 
acid, and the whole is 
made to float in a vessel 
of water. 

Elect ro-magnets of =--^===rS^^ 

immense power maj be J^. 75. 

formed bj voltaic he- 
lices. 

The Electro-magnet, or gqfi iron Horseshoe 

Magnet. 

Fig. 76. represents an electro-magnet ; U is the 

soft iron bent in the form of a horse-shoe magnet ; 

p and V are the extremities of the helix of covered 
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copper wire, surrounding the 
bar in the manner just de- 
scribed ; K is the keeper of 
the magnet, from which a 
heavy weight may be sus- 
pended to show the power of 
the magnet. When the ex- 
tremities, p and N, are con- 
nected with the poles of a 
single pair of any of our 
constant batteries^ the soft 
iron instantly becomes a 
very powerful magnet, ca- 
pable of supporting a weight 
of 1 cwt. to about 1 ton. 
The moment the connection is broken, the magnet 
loses its power. The wire, intended to form the 
coil, is cut into several portions, and is coiled sepa- 
rately on the iron, and then all the corresponding 
extremities are collected into parcels, which are 
soldered to a thick wire which communicates with 
the pole of the battery. By this arrangement, the 
current is divided into a series of short branches, 
which, collectively, communicate with the poles of 
the battery by a short strong wire ; this gives 
energy to all the coils, and thereby increases the 
power of the electro-magnet. 

These temporary magnets have been called elec^ 
tro-magnetSy to distinguish them from permanent 
steel magnets, and electric helices just described. 

Rotating Magnets. 

The rotating magnet, invented by Dr. Richie, 
is represented in Jig. 77. In this instrument a per- 
manent rotatory motion is given to an electro- 
fiiagnet, c, upon a vertical pivot, by means of the al- 
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Fig, 77. 



ternate attraction and repulsion of 
the poles, n and s, of a permanent 
horse-shoe magnet. In order to 
produce this continuous rotation, it 
is requisite that the poles of the 
electro-magnet should be reversed 
at every time they pass the poles of 
the permanent magnet ; this is efr 
fected by a very simple and elegant 
artifice: a 6 is a wooden cup of 
mercury, divided into two compart- 
ments by a bridge or partition of 
wood, in a line with the poles K and 
s, whose upper edge is a little below 
the exterior edge of the cup ; so that when the two 
compartments are filled with mercury, the cohesion 
of the particles of the fluid causes it to stand a 
little higher than the level of the top edge of the 
partition; the two extremities of the helix dip a 
little into the mercury without reaching to the level 
of the top of the partition, so that the electro-magnet 
may freely revolve upon its vertical pivot ; the 
mercury in one of the compartments is connected 
with the positive pole of a small battery, and the 
other compartment with the negative pole ; by this 
contrivance the poles of the electro-magnet are re- 
versed at every time the dipping- wires cross the 
partition, and, consequently, if the poles of the 
permanent magnet attract the poles of the electro- 
magnet in any given position, they will be repelled 
the moment the dipping-wires have crossed over 
the partition, and thus the continuous rotation is 
sustained. 

The following is a brief description of a rotatory 
magnet invented by the Author some twenty years 
ago, and employed by him in an extended form as a 
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t 

magnetic engine, capable of yielding about a quarter 

of ^ horse-power. The contrivance in this form 

was described in the ** Mechanics* Magazine " for 

the year 1840. 

N s is the electro- 

magnety turning 

upon a horizontal 

axis A B ; N F and 

s B are the termi- 
nal wires of the 

coil ; each of them 

forks off into two 

branches, f h, f J, 

and £ K and e g ; 

the extremities of 

the wires are con- 
nected with metal 
segments, h, j, e, and G, attached to the ivory 
wheels jl and b, fixed to the common axis a b ; the 
circumferences of these segments are placed con- 
centric with the axis of motion, and their edges dip 
into mercury placed in the cups l and m, which are 
connected with the poles of the battery : by this 
contrivance the poles of the electro-magnet are 
changed when one pair of segments passes out of 
contact, and another pair comes into contact, with 
the mercury in the cups. The opposite poles of a 
permanent magnet are placed in a line with the 
electro-magnet when its position corresponds with 
the change of its polarity, as in the case of Richie's 
rotating magnet. 



Fig, 78. 
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Contact-breakers, — Telegraphic Alarum-bell* 

The two foregoing pieces of apparatus show how 
the poles of an electro-magnet may be reversed by 
changing the direction of the voltaic current. The 
contrivance repre- 
sented in Jig. 79., 
called a contact- 
breaker, shows 
with what rapidity 
an electro-magnet 
can acquire and 
lose its magnetism. 
M is a small electro- Fig, 79. 

magnet, the arma- 
ture of which, E, is capable of oscillating between 
the two poles of the magnet and a stop at its back, 
against which it is pressed by a spring. The con- 
ducting-wire D coils round the lower branch of the 
magnet, as shown in the figure, and the other con- 
ducting-wire, c, is attached to the stop, and then a 
wire passes from the foot of the oscillating armature 
to the extremity of the coil passing round the upper 
branch, m, of the electro-magnet ; so that the elec- 
tric current is complete when the armature is in 
contact with the stop, and it is broken when this 
contact is destroyed. The consequence of this ar- 
rangement is, the electro-magnet attracts the arma- 
ture, which breaks the circuit, and the magnetism 
instantly ceases ; then the armature, being pressed 
back by the spring, returns and strikes the stop, 
which again completes the circuit and renews the 
magnetism ; the armature is again attracted by the 
magnet, and so on with great rapidity. The ad- 
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justing screws, t and Q, enable the operator to re- 
gulate the rapidity of the strokes. 

Telegraphic alarum-bell. To form this instru- 
ment into an alaruin-bell, it is only requisite to fix 
a hammer to the top of the armature e, and to phtce 
B bell withia the strikiag distance. 

InatrwnenU for measuring Ike Force of Magtuts. 

1 . Method of contact- — The following is a simple 
contrivoDce for estimating the suspeDaive force of 
an electro-magnet, it j b is the eleetro-magnet ; p 
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and m the bin ding- screws to which the poles of the 
battery are fixed ; a the feeder or armature, sus- 
pended from the extremity a of a graduated lever 
a b, turning on a fixed centre or fulcrum e ; A, a 
elidjng-hook, to which a scale-pan nith weights 
may be attached. The weights, put in the scale- 
pan, necessary for breaking the contact of the 
feeder a, give the data for calculating the force of 
the magnet, on the simple principle of the lever of 
the first kind. 
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2. Method of vibrations, — The oscillations of a 
magnetic needle before it settles in its north and 
south direction, follow the same law as the vibra- 
tions of the pendulum. The directive force of a 
magnetic needle, therefore, may be measured by the 
number of oscillations that it will make in a given 
time, when drawn a little to one side of its magnetic 
meridian. When the same needle is employed to 
determine the directive force at two different places 
on the earth, this directive force varies as the 
squares of the number of vibrations performed ia a 
given time. 

The vibration of the needle is also employed to 
determine the intensity of the different points in a 
magnetic bar. In this case it is necessary that an 
allowance should be made for the directive force of 
the earth.* 



* By Ex, 7. and 8., page 252. Tate's Mechanical Philo- 
sophy, we have 



, = -_Ud„=^yf 



-when g is pat for the attractive force of the terrestrial mag- 
netism, I the length of the pendolom, t the nmnber of seconds 
in each vibration, n the number of vibrations performed in a 
given time n. 

Now when / and n remain constant for any series of ex- 
periments, we have from the first 

and f^om the second, 

9 oc n«, 

that is to say, the intensity of terrestrial magnetism at dif- 
ferent places on the earth's surface, as applied to magnetic 
needles, is inversely as the squares of the times of their vibra- 
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According to the experiments made bj Coulomb, 
the attractive forces of the different points in a long 
magnetic bar, as estimated from the centre of the 
bar, increase in a geometrical progression as the 
distances from the centre increase in arithmetical 
progression. 



TO KAGNETISE STEEL BABS BT THE ELECTBO-MAQ- 

NETic con^. 

The simplest waj of doing this is to coil a very 
Btout copper wire covered with silk round a paste- 

tionSy and directly as the squares of the number of oscilia- 
tions performed in a given time. 

Again, for the case of the magnetised bar, let g^ g^ g^, be 
put ; for the total action exerted upon it when successively 
made to yibrate before three consecutive points of the bar; 
»!» "s* "39 ^e number of oscillations made by the needle 
in the given time n ; then 
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similarly, 
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By combining these three equations we readily get. 
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n,«-n» 



g^^g n^^-n' g^-g n,— n' 

Kow gi "g, ^j— g, 93— g* represent the magnetic forces re- 
aiding in each of the d^ree points of the magnet; these 
forces may be compared with each other, when we have 
determined by experiment the values of n^ iip n,, n^ 
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board tube, about 18 inches long and 2 inches dia- 
meter. The bar, 
A B, to be mag- 
netised is placed 
between two soft 
iron cores, A Q 
and B D, made 
exactly to fit the 
interior of the 
paste-board tube 
E F. The whole 
is placed within 
the tube, and the 
extremities, c 
and z, of the helix 
are connected 



B 
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Fig, 81. 



with the poles of the battery : in a short time the 
steel bar, a b, will be magnetised to saturation. 
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ON THE ACTION OF ELECTRIC AND 
MAGNETIC CURRENTS. 

Ik addition to the magnetic effects of electrical 
currents, which have j ust been noticed, the follow- 
ing general laws of electrodynamics have been 
established. 

General Laws of Electrodynamic Action. 

1. Every metallic conductor through which an 
electric current passes, acts on magnets suspended 
freely, and shows magnetic properties. 

2. Electric currents exert on each other influences 
like those which they exert on magnets. 

3. A magnet acts on an electric current precisely 
as another current would do. 

4. Electric currents in conductors in like manner 
excite such currents. 

5. Magnets can, in like manner, excite electric 
currents, and the other electric influences dependent 
on them. 

It must be observed, that the condition essential 
to these eflects is, that the electric fluid must be in 
a state of motion, that is, it must be in the form of 
a continuous current, or, in other words, it must be 
in the condition which is called dynamic ; there is 
no action when the electricity is in the static or 
tension state. 



ACTION OF ELECTRIC CUBRENTS ON THE BIAGNETIO 

NEEDLE. 

Oersted* s Experiment — Place the conducting 
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wire, A B, of a battery in the direction of the mag- 
netic meridian, viz., b towards the north and a 
towards the south, as shown in^^. 82. ; suspend a 




Fig. 82. 

needle s n over the conducting wire A b, and the 
north pole N will be deflected to the east ; suspend 
the needle below the conducting wire a b, and its 
north pole will be deflected to the west. 

The needle, therefore, endeavours to assume a 
position perpendicular to the direction in which the 
electric current flows. 

Ampere represented the action of the electric 
current on a magnetic needle under a form which 
is easily remembered. " We have only to conceive 
a man lying down in the portion of the circuit 
under consideration, in such a manner that the 
current enters by his feet, and goes out, conse- 
quently, by his head : furthermore, we have but to 
conceive that this man has always his face turned 
towards the needle, so as to look at it; then the 
action is always found to be such that the north 
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pole of the needle is deviated to the left of this man. 
This formula comprehends all possible cases." 

It is easy to see that the positive curpent, coming 
from the positive pole of the battery, passes along 
the conductor and arrives at the negative pole, and 
returns through the plates of the battery to the 
positive pole ; so that the current has a different 
direction in the two parallel portions of the circuit, 
as shown in ^^. 82. 

All these effects are perfectly in accordance with 
the theory of magnetic action, explained at p. 35. 
The needle seeks to place itself at right angles to 
the direction of the current, on the principle that 
the electric current in the magnet seeks to place 
itself parallel to the current in the wire. 

Cralvanometers, The Electric Telegraph. 

We have explained the construction of certain 
voltameters or galvanometers depending upon the 
calorific and chemical effects of the voltaic current ; 
but the most perfect instrument of this kind is that 
which depends upon the magnetic effects of the 
current. 

The most simple magnetic galvanometer is re- 
presented in Jig, 83. A magnetic needle, n s, is 
suspended be- 
tween two con- p N 

ducting parallel R R /^ ^ ' \ 

wires, w and w, J * /^"" T '^*J 

terminating in "^ X 

the mercury <£.^>»* 

cups, P and n. Fig, 83. 

The conducting 

wire is placed in the direction of the magnetic 
meridian, so that the needle has the same direction 
as the wires. When the poles of the battery are in- 

I 
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sorted is the cups, f and m, tbe needle is deflected 
after the manner described ia the foregoing section. 
According to this arrangement, the conducting wire 
above the needle, as well as the wire below it, tends 
to deflect the needle in the same direction, so that 
the double wires exactly double the amount of de- 
flection. The angle of deflection gives us a rough 
mode of estimating the quantity of voltaic fluid 
evolved by the battery. 

The Electric Telegraph consists of two or more 
galvanometers, by means of wliich telegraphic sig- 
nals may be transmitted from one railway station 
to another. The number, order, flic., of the oscilla- 
tions of the needle, being associated with certain 
letters and words, en- 
able the operator at one 
station to communicate 
messages to the person 
at the other station. 

But, instead of bend- 
ing the wire round the p. ., 
needle once, if we bend 

it twice, tlirice, or any number of tiroes, we mast 
obviously increase the deflecting power in the same 
ratio. This con- 
struction is adopted 
in the galvanome- 
ter represented in 
_/i^. 84.; where n s 
is the needle sur- 
rounded by a series 
of coils of covered 
silk wire, add. 
This instrument 
has been called the 
galvanometer mul- / 
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Fig. 85. represents a more elegant form of tbe 
instrument; where the coil of wire ie wound round 
a wooden frame fixed upon a etand, and provided 
with binding- screws. 

Nobilis galvanometer mtdttplter, represented in 
fig. 86., consists of on ustatic needle(Bee p. 34.), sus- 
pended bj a filament 
of untwisted silk, 
one of the needles 
being placed within 
the conducting coil, 
the other without 
it ; so that the cur- 
rent of electricity 
tends to deflect both 
needles in the same 
direction, thereby 
giving ft double 
power to tbe nstru 
ment. Tbe whole 
of the coil together 'v' 
with the needle and ( , »— 
ilfl thread of auspen ( \ 
sion, are covered -. 

with a glass shade 
a and b fixed to 
tbe binding-screws, 
are the wires pro- 
ceeding from the poles of the current, whose power 
is to he determined hy the instrument ; the extre- 
mities of tbe wire coil, of course, terminate in these 
binding-screws. 

ACTION OF ELECTRIC COHBEMTS ON EACH OTHER. 

AropSre discovered the following laws, according 
to which electric currents act upon each other: 
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1. Parallel currents attract each other when th^ 
fio%D in the same direction. 

Thus the parallel j^ , i 

wires, a b and c d, re- f^, , 

presented in Jig. 87., " —^ •* 

transmitting currenta ^' 

in tlie same direction, attract each other. 

2. Parallel currenta repel each other when ihei/ 
fioai in contrary directions. 

Thus the parallel . ^ . » 

■wires, a b and c d, re- , gg 

presented in Jig. 88., 
transmitting contrary 



Fig. 8 



currents, repel each other. 

These laws are perfectly in accordance with the 
theory of magnetism explained at p. 35, 
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In order to establish these laws by experiment^ 
the floating battery represented in fig, 89. may be 
employed. This battery consists of a pair of plates, 
viz.^ platinum and amalgamated zinc, fixed to a 
cork float ▲, and having its poles in connection with 
the cups a and 6 ; the wire frame proceeding from 
these cups conducts the current as represented by 
the arrows in the figure ; the whole of this floating 
battery is placed in a vessel containing diluted 
sulphuric acid, which acts as the exciting fluid. 
To one of the vertical branches, e f, we present a 
parallel wire, c d, traversed by a powerful current 
of electricity ; then when the currents flow in the 
same direction, the wire e f with its floating battery 
is attracted by the wire c d ; and, on the contrary, 
when the current in the wire c d flows in a con- 
trary direction, the floating battery is repelled. 

The same laws hold true with respect to angular 
currents, or those currents whose directions are in- 
clined to each other ; the form of expression in this 
case being simply, that currents which are directed 
to the same pointy or which proceed from the same 
pointy attract each other, and vice versa, as before. 

VARIOUS MOTIONS PRODUCED BY THE MUTUAL 
ACTION OF MAGNETS AND CUBBENTS, AND CUR- 
RENTS UPON EACH OTHEB. 

The oscillating electrical spiral, represented in 
Jig. 90., affords a beautiful illustration of ^ ^ 
the attraction of parallel currents. A 
fine flexible copper spiral wire A, is sus- 
pended from the extremity of a conductor 
p, proceeding from the positive pole of 
the battery ; the lower extremity of this 
spiral dips slightly into a cup of mercury ^ 

a, in which is placed the extremity of ^^' 
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the wire c, leading from the negative pole of the 
battery. When the current is complete, the spiral 
vibrates longitudinally; for at every contraction 
the current is broken, and then the weight of the 
wire causes its extremity to sink again into the 
mercury, and thus a continuous oscillation is sus- 
tained. 

It has been shown that a fixed or closed current 
exerts a tangential force upon the pole of a nuignet 
which is free to move : thus let A b, in fig, 91., re- 
present the di- 
rection of the 
fixed current, and 
K the pole of a 
magnet, free to 
obey the impulse; 
then the north 
pole N is impelled 
in the tangential direction N n, that is to say, in a 
direction perpendicular to the direction rff the 
current, a b. 

In like manner, since action and reaction are 
equal and contrary, a pole of a nuignet exerts a 
tangential force on a current which is free to move; 
thus the pole n 
of a fixed magnet 
(see/^. 92.) will 
impel the free 
wire A B con- 
ducting a current 
in the tangential 
direction b a. 



Fig. 91. 
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B 




Fig, 92. 



These results are generally represented in fig. 93., 
where n represents the north pole of a m^net, o 
the section of the conductor of a descending electric 
current perpendicular to the plane of the paper ; 
then the action of c upon n tends to move it in the 
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direction n n, and the reaction of the pole N upon 
the wire C tends to move it in the contrary direc- 
tion c c. If, therefore, the pole N he free to move 
round the wire c, the tan- 
gential line N n will he the ^ 
direction of the motion ; and LJ ^' 
if the conducting wire c he 
free to move round the pole 
K, the tangential line c c 
will he the direction of the 
motion. 

The following rotatory '"^ ? 

motions depend on these Fig, 93. 

principles. 

To make the pole of a magnet, N, revolve round a 
fixed electric current c. 

This was first effected hy Faraday in the follow- 
ing manner: — A small magnet n, is 
fixed to the lower part of a vessel v, hy 
means of a silk thread ; the vessel is 
filled with mercury nearly to the top of 
the magnet ; c is a conducting wire 
dipping into the mercury, and z is an- 
other conductor communicating with 
the mercury at the hottom of the vessel. 
Now when the electric current is esta- 
blished, hy connecting the extremities 
of the wires, c and z, with the opposite 
poles of the hattery, the pole n of the magnet re- 
volves round the conducting wire c. The ends of 
the wires should he amalgamated to ensure metallic 
contact. If the current is descending, that is, if o 
be connected with the positive pole of the hattery, 
and if n he a north pole, its motion round the wire 
will be direct, that is, in the direction of the hands 
of a watch ; and so on vice versa. 




Fig, 94. 
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To make a moveable wire^ A b, traversed by a 
current^ revolve round the pole^ N, of a fixed 
magnet* 

Here the wire a b is suspended from the wire c by 
a loop, and dips into the mercury in the 
vessel y ; when the circuit is established, 
by connecting the wires, c and z, with 
the respective poles of the battery, the 
conducting wire revolves round the 
pole, N, of the magnet. 

K the current be descending, and N 
be the north pole of the magnet, the 
rotation will be direct. 

These two rotations may be exhi- 
bited in one piece of apparatus, as re- 
presented in fi.g, 96., where m repre- 
sents the revolving small magnet, which 
is best made with a sewing needle ;/ p 
the revolving wire ; c 
the positive pole of the 
battery ; and z the ne- 
gative pole. When the 
north poles of the mag- 
nets 'are both turned 
upwards, the rotations 
take place in the direc- 
tions of the arrows, as Fig. 96. 
shown in the figure. 

Reverse the direction of the electric current, and 
the rotations will be reversed. 




FiflT. 95. 




Ampere^ 8 rotation oj a current about the pole of a 

magnet 

On the two poles, n and s, of a permanent horse- 
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shoe magnet, are placed two cells 
of copper (a c c e n on v, and 
e n z a n on s) ; b d, b d, are 
copper TCirea attaclicd to cylin- 
ders of amalgamated zinc, which 
dip into the diluted aulphuric 
acid, filling the cells ; these zinc 
cylinders turn on pivots at « j ; 
the zinc cylinders revolve round 
the respective poles of the mag- 
net in contrary directions, that 
ia, in the directions indicated 
by the arrows. 




Ftg.9r. 




Fig. 98. 

Fiff. 98. represents a slight modification of the 
foregoing ; here the copper cell turns tipon a pivot, 
as well as the zinc cylinder ; and for no obvious 
reason they revolve in contrary directions. 
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ELECTRO-DYNAMIC INDUCTION- 

Fasadat was the first philosopher who discoYered 
the laws of electro-dynamic induction. He showed 
that an electric current, or a magnet, is able by in- 
duction to develope at a distance electric currents in 
a conducting wire; in the same way as common 
electricity electrizes an insulated conductor by 
induction. 

Experiment 1. To show the induction of a 
current by magnetism ; take the coil, represented 
in^. 81., and place its extremities and z, in 
connection with the respective binding screws of a 
galvanometer ; suddenly insert a strong cylindrical 
magnet within the coil, and the needle will be 
instantly deflected, but it will almost immediately 
return to its original position ; suddenly withdraw 
the magnet, and the needle will be deflected in the 
opposite direction. 

Thus it appears that the induction of the current 
acts only at the instants of application and with- 
drawal of the magnet. 

This explains the principle on which Clark's 
magneto-electric machine acts. 

Exp, 2. Attach small copper cylinders near to 
the respective extremities of the wire and zj 
and place a bundle of soft iron rods, ^insulated from 
each other by a coating of shell-lac) into the coil ; 
connect the wires c and z, with the poles of the 
battery ; hold the copper cylinders in the hands, 
and suddenly withdraw one of the wires from the 
pole of the battery, and a pretty powerful electric 
shock will be felt, and at the same time a spark 
will be given off from the point of the wire ; at the 
moment of restoring the contact another shock will 
be felt. 
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Fig. 99 



The current produced in these experiments is 
called a primary current: a secondary current is 
produced in the following manner. 

Over the coil of wire described in the foregoing 
experiments, let an exactlj similar coil be formed 
upon it ; let ^. 99. represent 
this double coil, where a and b 
are the ends of the first i 
primary coil, c and d the ends of / 
the second or secondary coiL [ 
Connect the ends a and 6 with \ 
the poles of a battery, and the 
ends c and d with a galvano- 
meter ; then the needle will be 
instantly deflected, showing that 
a secondary current had been induced in the 
second coil by the primary current in the first 
coil ; suddenly tale ^way one of the wires from the 
cup of the galranometer and the needle will be 
deflected in the opposite direction. The induced 
currents only exist for an instant, viz., at the 
instant of making or of breaking the contact 

UAQNETO-ELECTSIC lUOmMES. 

One of the most simple machines of this kind is 
represented in ^^. 100. jj, is a sectional representa- 
tion of a double induction 
spiral i r r, the wooden 
hollow roller on which 
tbe primary coil of sloul 
copper wire, a a, is 
wrapped ; b 6, the 
dary coil of finf 
surrounding the first coil; 
TO, the bundle of iron 
wires placed in tbe hollow 




Fig. 100. 
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axis of the coils, and projecting with its lower pole 
a little beyond the wooden cylinder; one end 2, 
of the wire of the primary coil, is connected with 
one pole of a constant battery, and the other end 
y hfxy of the wire of the primary coil, with the 
other pole of the battery; that portion of the 
conductor p h ef^ between the two binding screws 
y and Xy acts as the contact breaker. This contact 
breaker is constructed as follows : it is soldered at 
y) to a flexible plate screwed to the rod proceeding 
from the binding screw x ; e, is a plate of soft iron, 
soldered to the conducting wire, exactly under the 
electro*magnetic rods m\ at A, the conducting 
wire is bent downwards, and terminates with a 
hammer, having a platinum point, which rests 
upon a copper plate or anvil p. When the hammer 
A, is in contact with the anvil p^ the electrical 
current is complete, and the soft iron wires i», 
become powerfully magnetised by the primary 
current, the magnet then attracts the plate &, and 
breaks the contact, the rods instantly lose their 
magnetism, and then the hammer A, falls upon the 
anvil m, and thereby again restores the electrical 
current; and so on. This process goes on with 
great rapidity, so long as the connection of the 
wires z and y, with the poles of the battery is 
maintained. 

Vivid sparks are emitted between the hammer 
and the anvil, every time the connection is broken 
or made. 

Substances to be subject to the action of the 
electric current, must be interposed between the 
binding screws x and y\ thus the thermal, chemical, 
magnetising, and physiological effects may be 
observed, at the instant the contact of the hammer 
mth the anvil is broken or destroyed. 
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But the secondary current is that which should 
be used for producing the shocks or physiological 
effects. For this purpose the extremities of the 
wire forming the secondary coil b by are soldered to 
small copper cylinders, and these are held in the 
hands of the person wishing to receive the shocks, 
one cylinder in each hand, A rapid succession of 
shocks is felt, for the effect takes place at every 
time the contact of the hammer with the anvil is 
broken or renewed. 

This machine has been constructed in various 
forms ; sometimes Richie's rotating magnet is used 
for breaking and renewing the connection of the 
conducting wire of the primary coil with the poles 
of the battery. 

Faradaf/8 Magneto^lectric Machine. 

The first machine of this kind was constructed 
by Faraday, as shown in^^. 101. It is thus des 
cribed by Brand in his Manual of Chemistry. 




Fig. 101. 

c, is a copper plate, so mounted as to admit of 

K 
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revolving on its axis ; n s are the poles of a 
powerful horse-shoe magnet, so placed as tQ admit 
of the revolution of the plate between them ; w u/ 
are conducting wires, one of which is retained 
in metallic contact with the axis, and the other 
with the rim of the plate, at the point between the 
poles n 8. These wires are connected with the 
galvanometer ^. When the copper plate is made to 
revolve from right to left, a current of electricity 
is produced in the direction of the arrows, and 
deflects the galvanometer accordingly. 

Clark*8 Magneto-electric Machine. 

Fixii first made a maehine of this kind, which 
was successively improved by Saxton and Clark. 
The arrangement adopted by Clark is thus described 
by M. Becqu^rel in his treatise on Electricity. 

A (Jig, 102.) represents a series of six magnetized 
bars of steel, bent into a horse-shoe form, arranged 
vertically, and supported by four screws fixed to 
the board b, two of which are seen at M n (^. 103.) 
A thick bar of brass c is pierced in its centre by 
an opening, into which passes a bolt with a nut 
for the purpose of securing the magnet against the 
board b. By this arrangement, the magnet may 
be easily removed without disturbing the rest of 
the apparatus, d represents the armature of a 
double cylinder of soft iron a f, which is fixed to a 
brass screw placed between the poles of the battery 
A. This piece is set in motion in the manner indi- 
cated in Jig, 103., by means of the wheel e, of an 
axis of rotation, and an endless cord. On each 
cylinder is rolled a helix of fine copper wire, 
coated with silk, and about 800 yards in length. 
One of the ends of each helix is soldered to the 
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armature ; perpendicular to the surface of which, 
at D, is a brass rod supporting two break-piecesj h. 




Fig. ID3. 

K represents a hollow brass cylinder, to which ia 
soldered one of the free ends of the helices, and 
which IB separated from the rod by meaiia of a 
piece of hard wood, resting on it ; the other end of 
the helices is in communication with the rod. o is 
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an iron wire spring to exercise a pressure against 
the hollow cylinder k, with which it is in metallic 
contact, by means of a screw fixed in the brass 
plate M. p represents a square vertical brass rod 
fitted into the brass plate N. Q is a metal spring 
exercising a feeble pressure on the break-piece h : 




Fig, 103. 



it is held in metallic contact by means of a binding 
screw. T is a copper wire for making communica- 
tion between the brass plates m n. By means of 
this arrangement, these various parts d, h, q, p, n, 
are in connection with one of the ends, and k and 
M with the two other ends. It is very evident 
that, as the spring Q presses gently on the break- 
piece H, the effects are regular ' It is very 

necessary that the break-piece be so arranged that 
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the spring Q shall separate, at the very time when 
the iron cylinders of the armature are leaving the 
poles of the magnet. With respect to the iron 
wire o, it always exercises a gentle pressure against 
the hollow brass cylinder k. By means of these 
arrangements a mercury bath, which is always 
inconTenient, is superseded. When the shock is 
to be given by this machine, the two copper con- 
ductors R s {Jig* 1 02. ) are taken into the hands, which 
are moistened with salt water, one of the con- 
ductors being in communication with the plate m, 
and the other with the plate n, in the manner 
shown in the figure ; m and n are then united by 
the piece t. The shock received by this apparatus 
as soon as the wheel is turned is very violent. If 
we desire a current always in the same direction, 
one break-piece only is placed on. In this case, the 
circuit is interrupted when the current changes, 
that is, when each helix quits one branch of the 
magnet. ... On placing the two connecting wires 
R s, between m n, the shock is not so powerful. — 
xj and y {fig» 102.) are handles connected witht he 
conducting wires, and furnished with pieces of 
sponge, which are employed in the application of 
electricity for medical purposes. These sponges 
are moistened with acid or saline solutions. By 
means of them a succession of the most powerful 
shocks may be applied where they are needed. • . . 
To decompose water, Mr. Clark uses the appa- 
ratus (^^. 104.) arranged in the following manner: — 
A is an earthen vessel with a brass lid, having a 
base of hard wood, through which pass two copper 
wires soldered to platinum wires, and which are 
connected with h n. Two tubes a, are filled with 
water, and thea placed over the platinum wires, 
where they are supported by a cork. The two 
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plates of platinum o and i>, which are connected \>j 
copper wirea with it and s, are for showing the 
effects of electro-chemical decompositions. For 
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this purpose, a piece of litmus or turmeric paper, 
previously moistened with a neutral salt, is placed 
between the discs. In the place of the two pre- 
ceding helices and their accessories, which he calls 
the intensity armature^ because the current obtained 
is from electricity of high tension, Mr. Clark 
employs a quantity armature formed of less power- 
ful cylinders, and with a copper wire, covered with 
silk, only 45 yards long, the diameter of which is 
greater. Fig, 105. represents the apparatus fur- 
nished with this new armature. A is the horse-shoe 
magnet, d the armature, p and G the two helices. 
Attention must be paid that the spring quits the 
break-piece at the moment when the piece is 
vertical, for then it is that it is in a neutral position 
relative to the poles of the magnet. To fuse iron 
wire with bright scin- 
tillations, one end of 
the wire is connected 
with the end p, and 
the other end is gently 
pressed on the rotating 
armature d. If we 
wish to obtain sparks 
of different colours by 
the employment of dif- 
ferent metals, the break 
piece is taken away, and the piece of copper b 
{Jig' 106.) is substituted. In its open part, is 
introduced a piece of any metallic wire c, gold for 
example ; the extremity of the spring g is also of 
gold. On making the apparatus rotate, purple 
coloured sparks are obtained." 




Fig. 106. 
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THERMO-ELECTRICITY. 

The electricity which is developed hj heat is called 
thermo-electricity. When two different metal-rods, 
such as copper and platinum, or antimony and bis- 
muth, are soldered together, and heated at the part 
of junction, electricity is generated. 

Experiment 1. Twist the end of a copper -wire 
round one end of a platinum wire ; place the other 
extremities in connection with the binding-screws of 
a galvanometer ; heat the twisted extremities vrith 
the flame of a spirit ; the needle of the galvano- 
meter will be instantly deflected. 

Exp, 2. Fix two copper wires into the binding- 
screws of a galvanometer ; heat the free end of one 
wire with the flame of a spirit-lamp ; bring the free 
end of the other wire into contact with this heated 
wire ; the needle will be instantly deflected, thereby 
showing the existence of an electric current. It is 
desirable that the end ^f the wire, which is to be 
heated, should terminate with a small plate. 

Exp. 3. The simple apparatus, represented in 
Jig, 107., exhibits the efiects 
of thermo-electricity in a <, 
very striking manner, a 6 tl 
c d e\^ a strip of copper, 5 
bent into the form shown Fig, 107. 

in the figure, and rivetted 

at e. A small magnetic needle n * is suspended 
between the plates. Heat the free end a of the 
copper frame with the flame of a spirit-lamp, and 
the needle will be instantly deflected. 
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Therfno-electric Batteries. 

These batteries are formed by soldering together 
a series of pairs of metal bars, as shown in^^. 108., 
where the dark lines represent the bars of the same 
kind of metal, and the faint lines those of the other 
kind of metal. Heat is applied at the junctions, 
a a a, while the junctions, b b b, are kept cooL 

b b b b i a b b b b a 

\Nwv mniu 

a a a a o « « a u 

Fig. 108. 

The extreme ends a b, form the poles of the batterj, 
which may be connected with binding-screws, &c. 
Bismuth and antimony are the two metals most 
commonly used in constructing these batteries, when 
the heat employed is moderate ; but if the heat to 
which the battery is to be exposed is great, platinum 
and iron should be used. 

A thermo-electric battery is sometimes used as a 
thermometer. JFig. 109. represents an apparatus of 
this kind, a, the tin or brass box which contains 
the thermo-battery s, 
composed of bismuth 
and antimony bars, ar- 
ranged according to the 
principle explained in 
connection with ^g. 
108. ; m and p the bind- Fig, 109. 

ing-screws connected 

with the poles of the battery ; wires pass from these 
binding-screws to the galvanometer ; b and c are 
the two lids of the box. When heat, in any form, 
is applied at s^ the deflection of the needle indicates 
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the degree of temperature of that heat. This in- 
strument is much used for detecting very minute 
differences of temperature. A good instrument 
will readily detect, by the deflection of the needle, 
a difference of temperature of a hundredth part of a 
degree. 



ACTION OF ELECTRO-MAGNETS UPON DIFFERENT 

BODIES. 

All bodies which are capable of being magnetised 
are called magnetic bodies ; but Faraday has re- 
cently shown that magnetism exerts on all bodies, 
more or less, a certain peculiar influence, very dif- 
ferent from the magnetic ; those bodies are called 
dia-magnetic. Thus the flame of a candle un- 
dergoes a peculiar change when placed between the 
poles of a powerful magnet ; and light, when made 
to pass over the poles of a magnet, undergoes a 
change of polarity ; and so on to various other dia- 
magnetic bodies. 



THE END. 
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SECTION I. 

NATTJRE OF CHEMI8TBT. SIMPLE AND COMPOUND 
BODIES. ATTRACTION. CHEMICAL AFFINITY. 

KATTTBE OF ACIDS AND ALKALIES. SOLUTIONS. 

NATURE OF CHEMISTBT, SIMPLE AND COMPOUND 

BODIES. 

1. Chemistry is that science which treats of the 
properties of the simple suhstances composing the 
globe, and of the various compounds resulting from 
their action upon each other. So far as our present 
knowledge extends, there are sixty-two simple or 
elementarj substances, which, uniting with each 
other, form the vast variety of substances found in 
the earth, the air, and the waters of the ocean and 
rivers. A simple substance, do with it what we 
may, will not yield any other kind of substance 
different from itself. Thus iron is considered to be 
a simple body, because we can only obtain iron 
from it. A compound body contains two or more 
simple substances in a state of chemical combina- 
tion. Nearly all the substances in nature are of a 

B 




2 EXPEBJMENTAL CHEMISTBT. 

compound nature. Sulphur and iron are simple 
substances, but thej combine and form a compound 
substance called sulphuret of iron. 

Ezperimeni, Take some iron filings and mix 
them intimately with about half their weight of 
sulphur ; put the mixture into 
a test tube, and applj the flame 
of a spirit-lamp ; at the same 
time close the mouth of the 
tube with the fore-finger, to 
exclude the air : the iron and 
sulphur combine with ignition, 
forming the compound of sul- 
phuret of iron, a black sub- 
stance entirely different from 
either the iron or sulphur. 

2. Elementary substances 
are usually divided into two classes, namely, 
metallic and non-metallic. The following list com- 
prises some of the most important elementary sub- 
stances : — 

Non-metallic Elements. 

Nitroffen I ^^®®® found in the atmosphere ; 

Hydrogen, Chlorine, Carbon, Sulphur, Phos* 
phorus, Iodine, &c. 

Metals, 

Potassium, the metal which forms potassa by 

combining with oxygen ; 
Sodium, the metal which forms soda ; 
Calcium, the metal which forms lime ; 
Magnesium, the metal which forms magnesia 
Iron, Copper, Zinc, Tin, Lead, Manganese, 

Arsenic, Chromium, Mercury, Silver, Gold, 

Platinum, &c. 
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3. There are many substances which, although 
they appear simple, are in reality of a compound 
nature. Thus water is a compound, being made up 
or composed of oxygen and hydrogen ; the air is 
chiefly a mixture of oxygen and nitrogen ; common 
salt is a compound, containing chlorine and sodium ; 
and so on to other cases. 

DIFFERENT KINDS OF ATTRACTION. 

4. Attraction is one of the distinguishing qualities 
of material substances. There are various kinds of 
attraction. 

Attraction of gravitation, A stone falls to the 
ground in consequence of the earth's attraction, and 
the planets in the solar system are maintained in 
their orbits round the sun, by the attractive force 
which he exerts upon them. This is called the 
attraction of gravitation, and it subsists between 
bodies at all definite distances from each other. 

5. Magnetic attraction^ This is familiarly ex- 
hibited in the attraction which the poles of a magnet 
have for soft iron. 

€> Electrical attraction. Experiment. If a stick 
of sealing-wax (or a glass tube) be rubbed sharply 
with a dry silk handkerchief, the sealing-wax will 
attract small cuttings of light paper : this is called 
electrical attraction. 

7> Attraction of cohesion. Exp, 1. If an apple 
be cut in two, with a sharp knife, the pieces may be 
put together so as to adhere. 

Exp. 2. Take two balls of lead ; scrape a clean 
portion in each ; bring the clean parts in contact, 
and rub the balls together by giving them a circular 
motion : they stick or cohere together, 

Exp. 3. Two polished plates of metal placed 

B 2 
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together require considerable force to separate 
them. 

The force manifested in these experiments is 
called the attraction of cohesion or adhesion. The 
minute particles, or molecules, of which bodies are 
<;omposed, are held together by the attraction of co- 
hesion subsisting amongst these particles. Bodies 
are solid, liquid, or aeriform, according as the force 
of cohesion is modified by heat 

8. CapiUary attraction is a peculiar form of 
cohesion. 

Exp. 1. Plunge the extremity of a small glass 
tube in water : the fluid rises within the small bore 
of the tube. 

Exp. 2. Place a piece of lump sugar on a few 
drops of water : the fluid rises through the Qne 
pores of the sugar. 

[See page 27. of the Treatise on Hydrostatics.] 

These facts are the result of capillary attraction. 

CHEMIOAI, ATTKACTION, OR AFFINITf. 

9. However intimately the sulphur and iron, in 
the experiment Art. 1> may be mixed, we can only 
by this means produce a mechanical mixture of the 
particles of the two substances ; but, after chemical 
combination, there is no trace left of either the 
sulphur or the iron. Chemical affinity differs, in 
certain respects, from all other kinds of attraction. 
It resembles cohesion, inasmuch as it subsists be- 
tween the particles of matter and holds them toge- 
ther ; but while cohesion takes place between par- 
ticles of the same sort, affinity is exerted between 
the particles of diflerent kinds of matter ; and while 
cohesion produces no change in the properties of 
a substance^ affinity is almost invariably attended 
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with a marked change in the appearance and other 
properties of the substances forming the compound. 
All chemical changes are produced hj affinity or 
chemical attraction. Combination and decompo- 
sition are the results of chemical action. 

Combination takes place when particles of 
different kinds of matter unite and form a new- 
substance. 

jyecomposition takes place when a substance is 
resolved into the different kinds of matter of whicli 
it is composed or made up. 

Experiments. 

1. To a glass of water add a little oil : the oil 
floats upon the water, but does not combine with it. 
Water, therefore, has no affinity for oiL 

2. Add ammonia; stir the mixture with a glass 
rod : the oil and the ammonia combine, and form a 
soapy substance, called a liniment. Oil^and am- 
monia, therefore, have an affinity for each other. 
This is a case of simple combination. 

3. To the soapy compound in the last experiment 
add a few drops of sulphuric acid (oil of vitriol) ; 
the ammonia, having a greater affinity for the sul- 
phuric acid, quits the oil, and combines with the 
acid, forming the sulphate of ammonia : the oil, being 
set free, again floats upon the surface. This is a 
case of composition as well as of decomposition : it 
is therefore an instance of what is called Hngle 
elective affinity. 

4. Dissolve some acetate of lead (sugar of lead) 
in a glass of water*; add a few drops of sulphuric 
acid: a white compound of sulphuric acid and 

♦ When any substance is dissolved in water, it is called a 
solution of that substance. 

B 3 
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oxide of lead is precipitated, or falls to the bottom 
of the glass. This is also a case of single elective 
affinity. 

5. To a solution of acetate of lead, add a few 
drops of a solution of sulphate of soda (Glauber 
salts): sulphate of lead is precipitated, as in the last 
experiment, and acetate of soda remains in solution. 
Here there is a mutual interchange of substances : 
hence it is called a case of double elective affinity, 

10. Compositions, as well as decompositions, are 
continually going on in the processes of art and 
nature. A piece of chalk (carbonate of lime), 
heated to redness in the fire, gives off a substance 
called carbonic acid gas, and quick lime is left. 
When charcoal (the carbon obtained from wood) 
is burnt away, the oxygen in the air combines with 
the carbon or charcoal, and forms carbonic acid 
gas, which is, of course, thrown into the air, and is 
thus apparently lost ; but there is no sucb thing as 
destruction or annihilation in nature, for substances 
can only change their form of combination. When 
a piece of lump sugar is dissolved in water, the 
sugar, although no longer visible, is not destroyed ; 
it has combined with the water, forming a solution 
of sugar. In like manner, we are able to explain 
all other changes of form which bodies undergo 
around us. 



11. KATtJBE OF ACmS AND ALfiL^LlES. 

Experiments, 

1. Add a few drops of sulphuric acid to a glass 
pi water ; taste the diluted acid : it is sour or acid 
to the taste. Add a little of the vegetahle blue 
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liquor of red cabbage* to a glass of water ; add a 
little of the diluted sulphuric acid to this blue 
solution : it is changed to a red colour. The same 
experiment may be performed with any other acid. 
Thus acids are sour to the tasfe^ and change 
vegetable blue colours to red. ' 

2. Ammonia, potassa^ and soda are the most 
common and important alkalies. Add drop by drop 
of a solution of ammonia to the red liquor of the 
last experiment, until the red colour is changed to 
a greenish-blue. Taste the liquid : it is no longer 
sour or acid. Add now more acid, drop by drop, 
until the red colour is restored ; and so on. 

Thus alkalies neutralise the effect of acids, and 
change the vegetable blues to green. 

Blue slips of paper, stained by litmus f? are 
usually used to ascertain when an alkali exactly 
neutralises an acid. 

3. To liquid ammonia add sulphuric acid, until a 
slip of blue litmus paper, dipped into the mixture, 
is about to change its colour to red. This is a 
solution of sulphate of ammonia. Here the 
sulphuric acid combines with the ammonia, and 
forms the sulphate of ammonia, the name of the 
compound being formed so as to indicate its com- 
position. In like manner, carbonic acid united to 
lime forms the compound of carbonate of lime ; and 
so on to other cases. 

In the same manner various other salts may be 
formed. 

4. Take a small bit of phosphorus ; set fire to it 
upon a piece of glass or tin placed in the centre of 

* This is simply prepared by boiling common red cabbage, 
cat into small pieces, for a short time, i& no more water than 
is just sufficient to cover them. 

f litmus is a vegetable blue. 
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1 plafe, and irame- 
dtstelr cover it wiih a large 
drj glass. The phosphorus, 
aa it bums, combinea with 
the oxygen of the air, and 
thua forms phosphoric acid, 
which rises in white flakea ^ 
within the glaaa, and finally 
falls upon the plate like 
snow. These flakes have a 
fine acid taste. After the ignition haa ceased, pour 
a little water on the plate : this diBsnlyea the flakes, 
and a aolution of the acid is obtained. 

This acid, combining with ammonia, forms phos- 
phate of ammonia; with soda, it forma phosphate 
of soda ; with lime, it forms phosphate of lime 
(which is principally the composition of bones); and 

5. Bum sulphnr after the manner described in 
the last experiment. Here the sulphur, as it barns, 
combines with the oxygen in the air, and forma 
sulphurous acid, which rises, in the form of a 
colouriess gas, into the interior of the glass. Put a 
violet flower (or a piece of litmus paper) into the 
glass: the colonr is discharged. A little water 
poured into the plate dissolves the gas. 

Bj a peculiar modification ^ this process 
sulphuric acid is made, which is a more powerful 
acid than sulphurous acid, in consequence of con- 
taining more oxygen. 



12. When a substance dissolves in irater, the 
substance is aaid to be soluble, and we obtain a 
solution of it The solution of bodies in liquids 
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presents ns with the most simple case of chemical 
attraction. Water readily combines with sugar, 
common salt, sulphuric acid, alcohol, &c. ; and, on 
the contrary, it shows no tendency to unite with oil, 
ether, &c. Camphor readily dissolves in alcohol, 
but it is almost insoluble in water. The process of 
solution is much accelerated by heat and agitation. 
In order to obtain a concentrated solution of some 
substances, the liquid must be boiled in a common 
oil-flask for some time with the substance. Lime 
is sparingly soluble in water ; yet, if a little lime 
be added to distilled water, a sufficient portion 
will be dissolved to indicate the presence of lime. 
Distilled or pure water should be used for making 
solutions ; however, in most cases, clean rain water 
will do very well. 

Ea^eriments. 

1. Add a small piece of camphor to alcohol or 
spirits of wine ; stir the mixture ; the camphor is 
soon dissolved, and a clear solution of camphor in 
alcohol is obtained. 

Pour a little of this solution into a glass of water; 
the alcohol unites with the water, and leaves the 
camphor floating upon the surface. 

2. Add a little lime to a bottle of rain or distilled 
water ; shake it up ; and, after corking the bottle, 
set it aside until the particles of lime have settled to 
the bottom : pour some of the liquid into a glass, 
and a clear solution of lime is obtained. 

3. Dissolve a little carbonate of potassa (pearlash) 
in a glass of water ; a clear solution of the salt is 
thus obtained ; add a few drops of this solution to 
lime water: it becomes milky, owing to the 
formation of carbonate of lime. Here the carbonic 
acid, having a greater affinity for lime than it has 
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for potassa, combines with the lime, and leaves the 
potassa in solution. The carbonate of lime is said 
to be precipitated ; that is, it falls to the bottom of 
the glass, owing to its being nearly insoluble. 

4. Breathe through a tube into a solution of lime: 
a milkiness is produced, owing to the formation 
of carbonate of lime. Here carbonic acid gas is 
expired from the lungs. 



SECTION n. 

FAMILIAB EXPERIMENTAL ILLUSTRATIONS OF THE 
PROPERTIES AND COMPOUNDS OF SOME OF THE 
MOST IMPORTANT SIMPLE SUBSTANCES. 

CARBON. CARBONIC ACID GAS. 

13. When wood is burned (as is done by the char- 
coal burners) in such a manner as to exclude the air, 
it is conyerted into wood charcoal^ which is nearly 
pure carbon. The diamond is perfectly pure carbon 
in a crystallised form. Combined with other sub- 
stances, carbon is found in vegetable, animal, and 
many mineral substances. When charcoal is burnt 
in the air it forms carbonic acid, a heavy gas, which 
extinguishes flame, and is destructive to animal 
life. 

Experiments, 

1. Put some pieces of chalk (carbonate of lime) 
into a bottle with a wide mouth ; add sulphuric acid 
(or any other strong acid) : violent eflervescenco 
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takes place, owing to the escape of car- 
bonic acid gas with the formation of 
sulphate of lime. Here the sulphuric 
acid unites with the lime in the chalk, 
and the carbonic acid in it is set free 
in the form of gas. 

2. In the last experiment the cnr- 
bonic acid gas, as it is formed, gradu- 
ally drives out the air in the bottle, 
and takes its place. This gas, being 
colourless, cannot be distinguished 
from common air by the eye : its pre- 
sence, however, may be detected. 
Plunge a burning candle into the gas : 
the flame is instantly extinguished, 
while the gas remains unchanged. 

Thus carbonic acid gas extinguishes flamey and 
at the same time it does not takejirey as some other 
gases do. 

HTDBOGEN. COMPOSITION OP WATER. 

14. Hydrogen is a colourless, inflammable gas, 
and the lightest known substance in nature, it being 
about 14^ times lighter than air. Water is com- 
posed of hydrogen and oxygen. Hydrogen also 
enters into the composition of the inflammable or 
organic part of plants. 

Expetiments* 

1. Put a few pieces of zinc cuttings into the wide, 
mouthed bottle (see last fig.) ; pour upon them some 
diluted sulphuric acid*; the mixture soon efler- 
vesces, owing to the escape of bubbles of hydrogen 
gas, which gradually displace the air and fill the 
bottle. Cover the bottle with a plate, or with a 

* A mixture of 1 part of strong acid to about 4 or 5 parts 
fif waten 
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piece of window-glass *, to prevent the external air 
from mingling with the hydrogen. When a suffi- 
cient quantity has been obtained, take off the cover, 
and plunge a lighted candle into the gas : the flame 
of the candle is extinguished, but the gas takes fire 
and burns at the mouth of the bottle, with a pale 
yellow fiame. 

When hydrogen is mixed with common air, the 
ignition goes on more rapidly, and sometimes with 
a slight explosion ; but the experiment may be made 
with perfect safety iu the manner just described. 

In this experiment, the sulphuric acid, the oxy- 
gen portion of the water, and the zinc, combine and 
form the sulphate of the oxide of zinc ; which re- 
mains in solution, while the hydrogen portion of 
the water escapes in the form of a gas. 

Thus hydrogen burns^ but does not supportflame, 

2. Generate hydrogen in a bot- 
tle, as in the last experiment; and, 
after the air has been driven out, 
close the mouth with a cork, through 
which the tube of a tobacco-pipe 
passes; light the gas as it issues 
from the fine opening of the tube. 
Insert this small flame a few inches 
into a glass tube, about 20 in. long 
and 1 in. in diameter. As the hy- 
drogen burns, it combines with the 
oxygen of the air ; thus water is 
formed, which covers the interior 
of the tube in the form of moisture. 
After a short time, the tube emits 
musical sounds. These sounds are ^ 

* N. B. In all experiments relative to gases generated in 
this^ay, it must always be nnderstood that a plate, or a piece 
of midow- glass, is to be laid over the mouth of the vessel for 
a few B0||Li2^# ill order to exclude the external air. 





produced by the air rushing in to fill np the void 
formed by the ignition of the hydrogen. To show 
the formation of water, a dry glass may be held over 
the flame. 

OXTOEN iXa NITSOaEN. THE ^TUOSPHEBE. 

15. The atmosphere is a mixture of oxygen and 
nitrogen : there is also a small portion of carbonic 
acid gas alwaj/t present in the air. 
Sxperiia^iU. 

1. Fat a lighted wax candle on the table; place 
over it A glass jar, previoasly dried with care; the 
candle soon begins to bum dimly, as 
the inflammable substaaces in it con- 
sume the oxygen of the air, and, after 
a little lime, the flame is extinguished ; 
the interior of the glass will now he 
found covered with drops of water, t 
Here the candle is extinguished, in con- 
Btquence of the consumption of the oxy- 
gen, which, uniting with the hydrogen 
and carbon of the tallow, forms water and carbonic 
acid gas. See also Exp. 4., Art. 11. 

2. Put a lighted candle (supported 
by a beat wire passing through a cork) 
into a lai^e bottle; close the mouth of 
the bottle : the flame soon becomes dim, | 
and then goes out, in consequence of j 
the air being no longer able to support 
combustion. Take out the candle, re* ' 
kindle it, and plunge it into the bottle : ft— ]|fl 
the flame is immediately extinguished. 

If a living animal were confined in a close bottle, 
after the oxygen in the air becomes vitiated, the 
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animal would die. A second animal, placed in this 
vitiated air, would at once expire. 

3. Take a large bottle containing common air ; 
place its mouth in water ; close the nostril with the 
forefinger and thumb, and 
inspire and expire the 
air in the bottle, by means 
of a bent pewter tube, for 
a few seconds. At each 
inspiration the water 
rises in the bottle, and at 
each expiration the water 

falls. Take the bottle containing the air which has 
thus been vitiated by passing through the lungs, 
plunge a lighted taper into it, as in Exp. 2. : the flame 
is extinguished. Here the oxygen of the air is con- 
sumed in the act of respiration, and the vitiated air 
returned to the bottle contains the nitrogen, which 
was at first in the air, mixed with carbonic acid gas. 
See also Exp. 4., Art 12. 

In the process of breathing, the oxygen taken 
from the air is returned to it in the form of carbonic 
acid gas ; thus one great end of breathing consists 
in depriving the blood of its carbon or charcoal. 

Thus oxygen not only supports ftame^ but also 
animal life : hence it is called vital air. 

4. Place a wire, supporting a 
small cup, on a stand or shelf 
covered with water; put a small 
piece of phosphorus in the cup ; 
ignite the phosphorus, and then in- 
vert a large bottle over it. The 
phosphorus consumes all the oxygen 
in the bottle, thereby forming phos- 
phoric acid, and leaves the nitro- ^^r" 
gen. After shaking the water in \^ 
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the bottle (its mouth being still kept under the 
water) the water rises, occupying the place of the 
oxygen which has been consumed. This will be 
found to be about ^ of the air at first in the hottle. 
The residue is nitrogen gas ; thus showing that -^ of 
the bulk of the air is oxygen, and ^ are nitrogen. 

5. Take the bottle of nitrogen (covering its 
mouth with a piece of glass) and place it on the 
table with its mouth uppermost; plunge a lighted 
candle into the gas : the fame is extinguished, at 
the same time the gas does not take fire. 

CThus nitrogen neither supports Jiamey nor does it 
take fire as hydrogen does, 

6. Put some green leaves 
beneath an inverted glass filled 
with water, and place it in the 
sunshine: the leaves will be 
found to give off oxygen 
gas. 

Thus plants give off oxygen gas, while animals 
consume it, 

7- Introduce some chlorate of potassa in powder 
(a salt which contains a large 
quantity of oxygen) into a test- 
tube; apply the fiame of a 
spirit-lamp : the salt is decom- 
posed bj the heat, all the 
oxygen gas being given off; 
apply the finger lightly to the 
niouth of the tube, to keep the 
gas as pure as possible ; "plunge 
a lighted splinter of wood into 
the gas ; the flame is much in- 
creased in brightness ; before 
introduction, blow the fiame 
out 00 as to have a red spark remaining : the wood 

2 
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is instantly rekindled, thereby showing that pure 
oxygen is an eminent supporter of combustion. 

8. Pour some lime water into a glass, and allow 
it to stand for a few hours : a c^in of carbonate of 
lime is formed upon the surface. This shows that 
there is carbonic acid gas in the atmosphere* 

AMMONIA. 

16« This gaseous substance is composed of nitro- 
gen and hydrogen. Water dissolves a large quan- 
tity of this gas, and the solution is called liquid 
ammonia or hartshorn. It readily combines with 
all the acids, and forms salts of ammonia. This 
substance is invariably given off from animal matter 
in a state of putrefaction ; the ammonia thus formed 
rises into the air, where it floats until it is washed 
down by the rains to fertilise the soiL It is one of 
the most fertilising substances found in farm-yard 
manure and guano. 

Experiments. 

1. Hold test paper over a bottle of liquid am- 
monia: a powerful alkaline action is exhibited. 
Smell the ammonia ; it has a strong pungent 
odour. 

2. Dip a glass rod in hydrochloric acid, and hold 
it over a bottle of liquid ammonia : white fumes of 
hydrochlorate of ammonia are formed. I 

3. Take a bottle of hydrochloric acid into a horse 
stable ; take out the stopple of the bottle : white 
fumes, as in the last experiment, are formed about 
the mouth of the bottle. ' 

4. Take two bottles; put a little liquid am- 
monia into one of them, turning the bottle round 
so as to spread the ammonia over the interior; 
in like manner introduce hydrochloric acid into 
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tho Other bottle ; bring the months of 
the bottles together, as in the annexed cut : 
the dense white fumes of hjdrochlorate of 
ammonia are produced. 

5< Take equal parts of hjdrochlorate of 
ammonia (sal-ammoniac) and quicklime, each 
separately powdered, and mix them briskly 
together ; the strong pungent fumes of am- 
moniacal gas will be felt. 

6. Perform the same experiment with a mixture 
of guano and quicklime : ammonia is in this case 
given off from the guano. 

7. To a solution of carbonate of ammonia add a 
solution of oxalic acid until effervescence ceases : a 
solution of oxalate of ammonia is obtained. Here 
the acid and ammonia combine with the escape of 
carbonic acid gas. 

NITBIC ACn>, OB AQUA FOBTIS. 

17* This important substance is a compound of 
nitrogen and oxygen. It is manufactured from 
nitre (nitrate of potassa), a substance composed of 
nitric acid and potassa. There is reason to believe 
that nitric acid is formed in the air during thunder 
storms. Decaying organic substances containing 
nitrogen yield this acid. Nitric acid, as well as am- 
monia, supply the growing plant with nitrogen. 

THE ATMOSPHEBE. 

18. The atmosphebe is that vast ocean of elastic 
fluid which everywhere surrounds the globe, ex- 
tending to the height of about fifty miles above the 
tops of our highest mountains. This subtle elastic 
fluid bears on its tide the exhalations of the earth 
over every clime, descends to the lowest depths of 
our minesy and penetrates into the recesses of our 

3 
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darkest caverns. Althougli invisible to the eye, and 
although bodies move through it with apparent ease, 
yet the chemist has weighed it in his balance, and 
determined its composition with an exactness which 
challenges dispute. Everywhere the composition 
of the air is the same*, —as far as regards its essen- 
tial elements, — whether it be taken from the con- 
fined alleys of our crowded cities, or from the 
mountain tops over which the healthful winds play 
with unobstructed freedom. Winds, air in motion, 
drive our vessels through the ocean, and perform 
useful labour in our windmills. The atmosphere is 
the great agent by which heat is nearly equally 
distributed over the earth, and without its agency 
light itself would scarcely serve the purposes for 
which it is designed. By its means moisture is 
scattered over the vegetable creation in the form of 
rain and dew ; and these rains wash down ammonia, 
nitric acid, and various exhalations essential to the 
growth of plants. 

The substances essential to the constitution of 
the atmosphere are oxygen, nitrogen, carbonic acid 
gas, and watery vapour. The oxygen, as we have 
shown, is necessary to the existence of the animal 
world, and to the support of combustion ; while the 
nitrogen tends to moderate the intensity of the 
action of the oxygen. The comparatively small 
portion of carbonic acid gas in the air affords an 
important part of the food to the vegetable world, 
and the watery vapour, besides serving other im- 
portant purposes, tends to keep the skin of animals 
and the surface of plants in a moist condition. The 
beautiful acyustment of the relative proportion of 
these substances to suit the wants of animals and 

♦ This arises from the diffusiveness of gases, or the tendency 
which they have to intermix with each other, without regard 
to their difference of density or heaviness. 
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plants, is a remarkable instance of the nice adap- 
tation of means for the production of a proposed 
end. 

The air is being continuallj supplied with car- 
bonic acid gas from the respiration of animals ; 
from the burning of wood, coal, and other combus- 
tible bodies ; and from all animal and vegetable sub- 
stances in a state of decay. Farm-yard manure, 
also, put into the soil in a fermenting state, yields 
an abundant supply of carbonic acid gas, as well as 
of ammonia, to the growing plant. The atmosphere, 
however, affords the chief source of carbonic acid 
to plants, which, assimilating the carbon, give off 
the oxygen into the air, to make up the deficiency 
produced by the respiration of animals. Guided 
by an unseen power, one part of creation administers 
to the necessities of another part : thus plants and 
animals are necessary to each other's existence, — 
the one supplies what the other consumes, — ^what 
is discharged as useless from the one becomes 
essential food to the other. This remarkable law 
of compensation seems to run through the whole of 
the universe, and a proper appreciation of its nature 
cannot fail in forcibly impressing upon our minds 
the great and solemn fact — that the universe is the 
-work of a Being infinite in wisdom, goodness, and 
truth. 

Thus the atmosphere, which appears as nothing 
to the vulgar eye, is not less essentisd to the economy 
of nature, than the solid matter of which the globe 
is composed, or the great ocean of waters which 
float upon its surface. 

Experiments, with Descriptions of Pneumatic 

Apparatus. 

1. Draw water into the mouth by a tube. Here 
the process of sucking draws the air from the tube, 
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and the pressure of the external air 
causes the water to rise in the tuhe« 
The pipette, used in many chemical 
experiments, depends on this prin- 
ciple. When the finger is placed 
upon the upper opening c, the fluid 
in the tube remains suspended ; and, 
on the contrary, when the finger is 
removed, the fiuid descends drop by 
drop from the small orifice o of the 
lower extremity. (For a complete account of the 
various mechanical properties of the atmosphere, see 
the Treatise on Pneumatics.) 

2. Invert a bottle, f, filled with water, in the 
same fluid; the water remains suspended in the 
bottle by the pressure of the external air. Blow 





through a tube g s t into the mouth of the bottle; 
the air rises in bubbles through the wat^ and dis- 
places it. 

This explains the principle upon which the j^n^tf- 
matic trough depends. This simple piece of chemical 
apparatus is used for receiving different kinds of 
gases in bottles and gas receivers : it consists of a 
rectangular trough, w w ; with the shelf b by having 
a funnel-shaped hole passing through it, for placing 
the bottles and receivers on ; when it is about to be 
used, water is poured into the trough^ so as to cover 
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the shelf to the depth of ahout an inch ; the month 
of the hottle intended to receive the gas is placed 
over the hole in the shelf, and the heak of the re- 
tOTty in which the gas is heing formed, is placed 
immediately helow this orifice : the gas then rises 
in the hottle and displaces the water. 

In the annexed cut, r is the retort, containing 
the mixture from which the gas is to he made^ with 
-its beak placed below the hole in the shelf w ; t the 
pneumatic trough filled with water ; e the gas re- 




ceiver ; 8 the retort-stand with its ring supporting 
the retort r ; A an Argand lamp with its chimney 
Cj for applying a steady heat to the retort when it 
is required for generating the gas : some gases, how- 
ever, such as hydrogen, for example, are given off 
from the materials in the retort without the aid of 
external heat. 

N. B. In the preparation of gases in this way, it 
should be observed that the gas which first comes 
over is mixed with the atmospheric air in the retort ; 
hence a volume of gas equal to about twice the 
volume of the retort should be thrown away as im- 
pure ; this should especially be attended to in the 
case of gases (such as hydrogen) which detonate 
when mixed with atmospheric air. 
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Gkses may be transferred from 
one vessel to another over the 
pnenmatic trough. In order to 
transfer the gas from e to 6, bring 
the lower edge of e to the mouth 
of b ; gradually depress the upper 
end of e\ bubbles of gas will 
pass from c and fill the vessel 6. 

When a large quantity of gas is to be made»the^iu- 
holder is preferable to the pneumatic trough* This 
valuable piece of apparatus consists of a closed cylin- 
drical vessel A, and a shelf b, open at the top^ sup- 
ported on three rods ; a c is a pipe, open at each 
extremity, reaching from the bottom of the shelf to 
the bottom of the cylin- 
der ; e 6 is another pipe 
which merely enters the 
top of the cylinder; com- 
munications can be open- 
ed by the cocks ab; dis 
a cock through which the 
gas in the cylinder may 
be drawn off; A is an 
aperture for introducing 
the pipe which conducts 
the gas into the receiver 
^ifg is a glass tube 
opening into the cylinder 
at the top and bottom, to 
show the quantity of gas 
that may be in the cy- 
linder at any time. To 
fill the cylinder a with 
gas : A is first filled 

with water, which is done by opening the three 
cocks a, b, d, closing the aperture h with a 
cork, and pouring water into the shelf b : the waler 
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mns ihrongh the pipes a and b into A, expelling 
-the air through d. When a is filled with water 
t;he cocks a, b, and d are closed, and the aperture A 
is opened ; the water remains in the cylinder a in 
consequence of the atmospheric pressure, just in 
the same way as water is suspended in the bird- 
fountain ; introduce the tube proceeding fi*om the 
retort into the aperture h ; the gas will then rise in 
bubbles into the cylinder, displacing the water 
through h. To fill a jar B with the gas : pour 
water on the shelf b ; open the cocks b and a ; the 
gas then rises in bubbles into b, from the pressure 
produced by the column of water in the pipe a c. 
The gas may also be transferred through the cock d, 

SULPHUB. 

19- This important elementary substance abounds, 
in its simple state, in the Island of Sicily^ and in 
many volcanic countries. It is also found, in com- 
bination with iron and copper, in many parts of the 
world* Sulphuric acid is the most important com- 
pound of sulphur ; united with various bases, such 
as lime, soda, magnesia, &c.^ it forms sulphates, 
which are found abundantly in the mineral kingdom. 

Experiments, 

1. Heat sulphur in a test>tube ; the sulphur first 
melts, and then rises in vapour, which condenses in 
the cold part of the tube. See also Exp. 1., Art. 1. ; 
and Exp. 5., Art. 11. 

2. To a solution of baryta add sulphuric acid ; 
the white precipitate of sulphate of baryta falls, 
which is not dissolved by nitric acid. This is the 
best test for the presence of sulphuric acid. 

3. Put some sulphuret of iron in a bottle, and 
pour some diluted sulphuric acid upon it ; sulphu- 
retted hydrogen gas is given oflT, which has the 
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smell of rotten eggs ; dip a slip of white paper in ft 
solution of acetate of lead, and suspend the paper 
in the hottle containing the gas : the paper is ren- 
dered black from the formation of the sulphuret of 
lead. 

Sulphuretted ht/drogen, or hydrosulphuric acid, 
is highly inflammable, and is much used as a test 
for the presence of different kinds of metals. The 
fumes of this gas should be avoided, as it is de- 
leterious to animal life,* 

PHOSPHORUS. 

20. This elementary substance is very inflam- 
mable, and therefore should be handled with great 
caution. It has very much the appearance and con- 
sistence of wax. It is found in urine, and enters 
into the composition of animal bones. 

Experiments, 

1. Fold a thin slice of dried phosphorus in a piece 
of paper ; rub it briskly with any smooth body : the 
heat produced by the friction speedily ignites the 
phosphorus. 

2. Write upon the wall with a stick of phosphorus 
(wrapped round with a piece of paper) ; the writ- 
ing appears luminous in the dark. See also Exp. 
4., Art. 11. 

3. Phosphuretted hydrogen gas. Put some zinc 
cuttings and a few small slices of phosphorus into 
a tumbler glass ; take the glass into a dark rooniy 
and add some diluted sulphuric acid : the mixture 
appears like a well of fire, in consequence of the 
escape of phosphuretted hydrogen gas, which ig- 
nites spontaneously when it comes into the air. 

* All fames given off by chemical action should be care* 
fjilly avoided. 
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IODINE. 

ai« This elementary substance is solid, having a 
dark bluish colour, with a somewhat metallic lustre. 
It is found in sea-water and marine plants. It 
is highly soluble in alcohol, but is sparingly dissolved 
be water. Its most important compound is iodide 
of potassium, which is now much used as a medicine. 

Experiments, 

1. Heat one or two grains of iodine in a flask : 
the beautiful violet vapour of iodine rises within 
the flask, and slowly condenses* 

2. Dissolve a veri/ small piece of iodine in water ; 
the water has a brown colour. To this solution 
add a cold solution of starch * : the beautiful blue 
compound of iodide of starch is formed. 

3. Drop a small piece of iodine on a few grains of 
phosphorus : the substances combine with ignition. 

4. To a cold solution of starch add a few drops 
of iodide of potassium ; no action is produced : add 
now a little sulphuric acid to set the iodine free ; 
the blue iodide of starch is formed. 

CHLORINE. 

22. Chlorine is a greenish-yellow gas (hence its 
name) which has a pungent, suffocating odour ; it 
is not inflammable, but it supports combustion ; 
indeed, some bodies ignite in it spontaneously. It 
combines with the metals, forming chlorides ; thus 
common salt is a chloride of sodium. With oxygen 
it forms acids ; the most important of these is chloric 
acid, which, combined with potassa, forms chlorate 
of potassa, a salt largely employed in the manu- 
facture of lucifer matches. Chlorine destroys all 
colouring matters and oflensive effluviae. 

* Starch should be dissolved in hot water. 
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JSxperiments, 

1. Put a table-spoonful of clilorid^ of lime (com- 
mon bleaching powder) into a bottle ; add an equal 
bulk of hydrochloric acid ; chlorine, in the form of 
a greenish-yellow gas, soon fills the bottle : introduce 
a lighted candle * it burns with a dull red-coloured 
flame in the gas ; suspend a moistened slip of blue 
litmus paper (or any other coloured substance) in 
the gas : the paper is soon bleached by the gas. 

2. To a mixture of common salt and black oxide 
of manganese, add sulphuric acid ; chlorine gas is 
given off. This is a highly convenient way of 
using chlorine for purposes of fumigation. The 
chlorine destroys all noxious malaria. 

3. Add hydrochloric acid so as to cover half a 
tea-spoonful of chlorate of potassa in powder, in a 
small bottle ; chlorine gas (mixed with chlorous 
acid) is generated ; dip a slip of writing-paper into 
oil of turpentine, and introduce it into the gas: 
combustion immediately takes place. Perform the 
bleaching experiment described in Exp. 1. 

Chlorous acid explodes with great violence, when 
heated even to a moderate temperature. 

4. Mix a few grains of powdered lump sugar with 
twice the quantity of chlorate of potassa ; let fall a 
drop of sulphuric acid on the mixture : chlorous 
acid is disengaged, which immediately 
inflames the mixture. 

5. Carefully fold in a piece of paper 
a little chlorate of potassa in powder, 
with a small piece of phosphorus; 
strike the mix ure with a hammer ; a 
loud explosion takes place. 

6. TTo inflame phosphorus under 
water. Put some crystals of chlorate of 
potassa, together with a few slices of 

X 
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phosphorus, into an ale-glass ; fill the glass with 
cold water ; let fall a few drops of sulphuric acid, 
by means of a pipette, on the chlorate of potassa : 
the acid takes up the potass from the salt, and sets 
free a compound of chlorine and oxygen, which 
inflames the phosphorus. 

BYDBOCHLOBIO AOID. 

23. Hydrochloric acid or muriatic acid is a gas» 
composed of hydrogen and chlorine ; it is largely 
dissolved by water, forming common aqueous 
hydrochloric acid. 

Experiment. Add diluted sulphuric acid to 
common salt, in a bottle ; hydrochloric acid gas is 
given off with effervescence, and fills the bottle ; 
suspend a slip of moist blue litmus paper in the gas ; 
the colour is changed to red : plunge a lighted 
candle into the gas ; the flame is extinguished. 

In this experiment, the acid decomposes the salt, 
which is a compound of chlorine, sodium, and water ; 
the hydrogen of the water unites with the chlorine 
and forms hydrochloric acid gas ; and the oxygen 
of the water unites with the sodium and forms soda, 
which combines with the sulphuric acid and forms 
the sulphate of soda. 



SECTION in. 

METALS AND HETALLIO OXIDES. 
FOTASSA AND SODA. 

24. Potassium and sodium, united with oxygen 
form potassa and soda. These important substances 
are called fited alkalies, to distinguish them from 

D 2 
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ammonia^ which is called the volatile alkali. (See 
Art. 11.) Fotassais found in the ash of plants^ and 
soda in the salt of sea- water. 

Experiments. 

1. Throw a grain of potassium upon water ; it 
floats on the water, and takes fire : a solution of po- 
tassa is formed, by the union of the oxygen of the 
water with the metal. 

2. Burn some pieces of wood ; collect the ashes, 
and pour water upon them to dissolve the potassa 
which is in them ; add a solution of some vegetable 
blue : the colour is changed to green. 

3. Boil, in an iron vessel, equal weights of slaked 
lime and carbonate of potassa (pearl ashes) in about 
twelve times the weight of water; the carbonic 
acid unites with the lime, forming 

the insoluble carbonate of lime, 
leaving the potassa in solution. 
Cover the mixture, and allow it to 
stand until the carbonate of lime 
subsides; draw the clear solution 
off by means of a syphon.* When 
a solution of potassa is exposed to 
the air, it speedily takes up car- 
bonic acid, and returns to the state 
of carbonate of potassa. 

* Insoluble substances, or pre- 
cipitates, are usually separated 
from liquids by filtratioit, f 
which consists in passing the 
liquid through filtering paper 
placed in a funnel/; by this process 
the clear liquid drops into the glass g 
gt and the precipitate or insoluble 
substance remains on the filtering 
paper. 

These filters are formed by making two folds, in a round 
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4*. To a strong solution of carbonate of potassa, 
add a solution of tartaric acid ; crystals of bitartrate 
of potassa (cream of tartar) are formed with the 
escape of carbonic acid gas. 

5. Boil nitrate of potassa (nitre) in water, so long 
as any of the salt is taken up ; decant the solution, 
and as it cools crystals of nitre, in six-sided prisms, 
are deposited. 

Soda is found in the ashes of sea-ware ; it is also 
obtained from common salt. The compounds of 
soda are very similar to those of potassa. 

LIME. 

25. Chalky limestone, marble, lime-shell and cal- 
careous spar, are all compounds of lime and car- 
bonic add. Lime forms an essential constituent of 
all good soils. Mixed with vegetable or animal 
substances, it promotes their decay, and at the same 
time absorbs the noxious gases that are given off! 
Lime is an oxide of a metal called calcium. 

Experiments, 

1. Expose lime-water, in an open vessel, to the 
air ; a crust of carbonate of lime soon appears upon 
the surface. See also Experiments 2, 3, and 4., 
Art. la. 

2* Four hydrochloric acid upon some piece of 

piece of paper, at right angles to each other, and in a oontrair 
direction ; when tms piece of paper Ls placed within the fannel, 
it will assume the form of p, shown in the cut. The liquid to 
be filtered should be carefully poured upon Ihe gmr^^ 
sidea of the filter, so as not to injure the paper at Jl^gj^ 
the bottom part. Before use, the filter paper should \jjKf p 
be moistened with distilled water. >!r 



80 EXPERIMEKTAL CIIEMISTRT. 

chalk, so long as any effervescence is seen ; a solu- 
tion of hydrochlorate of lime is formed. 

3. Make a solution of nitrate of lime, by adding 
nitric acid to chalk, after the manner of the last 
experiment. 

4. Pour a little of the solution of hydrochlorate 
of lime into an ale-glass, and about the same quan- 
tity of strong sulphuric acid into another glass ; 
pour the latter quickly upon the former ; a violent 
effervescence takes place from the escape of hydro- 
chloric acid: a solid white substance, sulphate of 
lime is formed. Owing to the condensation, great 
heat is evolved, 

5. To any solution of lime add oxalate of am- 
monia (see Exp. 7., Art. 16.) : the white insoluble 
oxalate of lime falls. 

MAGNESIA. 

26. This substance is found in sea-water, in cer- 
tain varieties of limestone (magnesian limestone), 
and in many spring waters. Magnesia is the oxide 
of a metal called magnesium. 

Experiments. 

I. To diluted sulphuric acid add carbonate of 
magnesia (a white powder) until effervescence 
ceases : a solution of sulphate of magnesia (Epsom 
salts) is obtained. 

Boil off or evaporate a portion of the water*; 
set aside the solution until it cools : crystals of the 
salt will be formed. 

* Eyaporations are best conducted in porcelain dishes, or, 
as they are called, evaporating dishes; the heat should be 
applied by a sand bath, or by an Argand lamp with a tin or 
copper chimney. 
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2. To a solution of sulphate of magnesia add a 
solution of carbonate of potassa : a white precipitate 
of carbonate of magnesia is formed. 

This distinguishes Epsom salts from oxalic acid, 
a poison frequently mistaken for the former. It is 
further to be observed, that oxalic acid is sour to 
the taste, whereas Epsom salts are bitter. Oxalic 
acid is dissipated when thrown upon hot cinders, 
whereas Epsom salts leave a white mass behind. 

ALUMINA. 

27* This earth is an oxide of a metal called alu- 
minum ; it abounds in common clay. It is distin- 
guished by its insolubility, and by being dissolved 
in a solution of potassa. Alum is one of its most 
useful and common compounds. This salt contains 
alumina, potassa, and sulphuric acid. Pure clay is 
a compound of silica and alumina : in the proportion 
of about 3 parts of the former to 2 of the latter. 

Experiments, 

1. Add ammonia to a solution of alum ; alumina 
falls, in consequence of the ammonia combining with 
a portion of the acid. 

2. Perform the same experiment, using potassa 
or soda. 

3. In a saturated solution of alum^ suspend a 
basket formed of woollen thread : the alum forms 
beautiful crystals on the thread, thereby forming an 
alum-basket 

SILICA. 

28. This earth, like alumina, is very abundant in 
nature. Quartz is nearly pure silica, and it is the 
chief ingredient in sand and common flint. Mixed 
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with clay, it forms the great body of soils. Silica 
is an oxide of silicon. 

Experiments, 

1. Mix one part of fine sand with three paxts of 
carbonate of potassa ; fuse the mixture in a cru- 
cible; carbonic acid is driven off, and the silica 
and potassa combine and form a glass, called sili- 
cated potassa, which readily dissolves in water ; 
pour out the silicated potassa on an iron plate ; 
dissolve a portion of it in water. This experiment 
is highly important^ considered in relation to agri- 
cultural science. 

2. To the solution of silicated potassa add a solu- 
tion of hydrochlorate of ammonia ; the hydrochloric 
acid combines with the potassa, and the silica is 
precipitated. 

IKON. 

29. This valuable metal is found in a great va- 
riety of forms in nature. Combined with oxygen, it 
is found as an oxide of iron ; with sulphur, as a sul- 
phuret of iron ; with carbonic acid^ as a carbonate 
of iron. 

Experiments* 

1. Place some iron-filings in a saucer; moisten 
them from day to day, until they become rttst, or 
oxide of iron, by combining with oxygen. 

2. To some iron-filings add diluted sulphuric 
acid : hydrogen gas is given off, and a solution of 
iron (green vitriol) is formed. Here the oxygen of 
the water combines with the iron, forming oxide of 
iron^ which unites with the acid, forming the 
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sulphate of the oxide of iron, or, as it is simply 
called, sulphate of iron. 

Decant the clear solution, evaporate it, and set it 
aside ; when the solution is cold, green crystals will 
appear. 

3. Add a few drops of a strong solution of 
sulphate of iron to 4 glasses containing water : — 

I. To the first add a solution of potassa ; 
oxide of iron falls. 

n. To the second add a solution of car- 
bonate of potassa : carbonate of iron falls. 

m. To the third add a solution of prussiate 
of potassa: a fine blue precipitate of 
Prussian blue is formed. 

In these three experiments the sulphuric acid 
combines with the potassa, and remains in solution. 

lY. To the fourth add an infusion of galls : 
the black gallate of iron, the substance 
which gives the colour to ink, after a few 
seconds appears. 

4. To a glass of water add a few drops of ink ; 
add oxalic or hydrochloric acid : the colour dis- 
appears. 

5. Write on paper with a very diluted solution of 
. sulphate of iron ; when dry, the writing is invisible ; 

wash it over with a solution of prussiate of potassa : 
the writing appears of a fine blue colour. 

OOPPEB. 

30. This metal exists in nature in its pure or 
metallic state ; but it is chiefly found as a sulphuret 
of copper (copper pyrites). 
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Experimen ts, 

1. Heat copper for some time in the fire; 
suddenly plange the heated copper into water : the 
oxide of copper is formed in scales on the surface of 
the metaL 

2. Put- some slips of copper into diluted nitric 
acid, which is colourless : a portion of the copper is 
soon dissolved by the nitric acid, and a fine blue 
solution of nitrate of copper is formed. Here a 
portion of the acid gives up oxygen to the metal, 
forming oxide of copper, which combines with the 
nitric acid. Red fumes of nitrous acid ai'e given olf. 

By evaporation, this salt may be obtained in 
crystals. 

3. Into a solution of sulphate of copper (blue 
vitriol) dip a clean piece of iron : the plate is 
covered with metallic copper. Here the copper is 
precipitated in consequence of the iron uniting with 
the acid to form sulphate of iron. 

4. Add two drops of a strong solution of sulphate 
of copper to two glasses containing water : these 
solutions will be nearly colourless. 

I. To the first, add a drop of ammonia ; li^ht- 
blue oxide of copper falls: add ammonia 
now in excess ; the precipitate is re- 
dissolved, and the solution assumes a fine 
deep-blue colour. This is a very delicate 
test of the presence of copper, 
n. To the second, add carbonate of potassa : 
light-blue carbonate of copper falls. 

^ 5. Place a few crystals of nitrate of copper on a 
piece of tinfoil ; add a few drops of water to the 
crystals, and quickly fold up the tinfoil round them : 
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a violent chemical action takes place, and the 
tiufoil inflames. 

LEAD. 

31- The most common native form of lead is 
sulphuret of lead, or galena. 

Experiments, 

1. Heat lead in an iron spoon : it soon melts, and 
then oxidates, bj taking oxygen from the air. 

2. Arrange seven glasses, each containing a 
diluted solution of acetate of lead (sugar of lead). 

L To the first, add an alkali : the oxide of 

lead falls, 
n. To the second, add carbonate of potassa : 

the white carbonate of lead (white lead) 

falls, 
m. To the third, add sulphuric acid, or any 

sulphate : white sulphate of lead falls. 
IV. To the fourth, add hydrochloric acid: 

white chloride of lead falls. 
Y. To the fifth, add a few drops of a solution 

of iodide of potassium : the beautiful 

yellow iodide of lead falls. 
TL To the sixth, add a few drops of the 

solution of chromate of potassa : yellow 

chromate of lead falls, 
vn. To the seventh, add hydrosulphuret of 

ammonia: the black sulphuret of lead 

falls. See Exp. 4., Art. 60. 

3. Suspend a piece of zinc in a moderately strong 
solution of acetate of lead : the lead appears depo- 
sited on the zinc in an arborescent form, producing 
what is called the lead tree. Here the zinc takes 
the place of the lead, and the latter is precipitated. 
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CHROME. 

32. The most common salt of this metal, is 
bichromate of potassa. 

Experiments. 

Arrange four glasses, each containing a diluted 
solution of bichromate of potassa. 

1. To the first, add carbonate of potassa: it 
unites with the excess of acid, and yellow chromate 
of potassa appears. 

2. To the second, add acetate of lead. See Exp. 
2., Art 31. 

3. To the third, add a few drops of the nitrate of 
xnercurj : the orange-coloured chromate of mercurj 
falls. 

4. To the fourth, add a few drops of the nitrate 
of silver (lunar caustic): brick- red chromate of 
silver falls. 

MEBCURT. 

33* This metal is sometimes found native in the 
metallic form, but it is most commonly combined 
with sulphur. This metal is a fluid. 

Experiments. 

1. Heat a few grains of mercury in a test-tube 
over the spirit-lamp : the mercury rises in vapour, 
and condenses in globules in the cold part of the 
tube. 

2. Heat a little sulphur, with about five times its 
weight of mercury, in a test-tube ; close the mouth 
of the tube lightly with the forefinger : vermilion^ 
or bisulphuret of mercury, is formed. 

3. To a solution of chloride of mercury (corro- 
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sive sublimate) add a few drops of iodide of 
potassium : a red biniodide of mercury falls. 

4. Heat some mercury with nitric acid ; the 
mercury takes oxygen from a portion of the acid, 
and combines with the other portion ; and a solution 
of nitrate of mercury is formed. 

ZINC. 

34. This metal is now much used for making 
water-pipes and spouts. 

Uxperiments. 

m 

1. Take the solution of sulphate of zinc obtained 
by Exp. ]., Art. 14.; evaporate a portion of the 
water off; set the liquid aside to cool: prismatic 
crystals of sulphate of zinc fall. 

2. To a solution of sulphate of zinc add a 
few drops of ammonia (or potassa) : white oxide of 
zinc falls. Add ammonia in excess : the precipitate 
is completely re-dissolved. 

3. To a solution of zinc add a few drops of the 
carbonate of ammonia : carbonate of zinc falls, 
which is re-dissolved by an excess of the precipitant. 
These two experiments form the tests* for the 
presence of zinc. 

SILVER. 

35. Silver is distinguished by its brilliant lustre 
and fine white colour. 

♦ For a complete system of testing, the student may con- 
sult "Thomson's School Chemistry," or «* Bowman's Che- 
mistry.' 
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JSxperiments, 

1. To |i few small pieces of silver add dilated 
nitric acid ; applj heat until: the acid ceases to give 
off fumes : a solution of nitrate of silver is obtained ; 
as the solution cools, crystals are deposited. 

2. To a solution of nitrate of silver add potassa : 
an ash-grey powder of oxide of silver falls. 

3. To a very diluted solution of nitrate of silver 
add hydrochloric acid : chloride of silver falls in 
the form of a white, curdy substance, which soon 
becomes black upon exposure to the light. 

4. Write upon linen with a solution of nitrate of 
silver ; and, when the writing is dry, wash it with 
a solution of potassa : the writing soon becomes 
permanently black, owing to the formation of oxide 
of silver. 

GOLD. 

36. This metal is not afifected by exposure to the 
air, and ordinary acids produce no action upon it. 

JExperiments, 

1. Put five or six gold leaves into a test tube; 
pour upon them a few drops of a mixture of nitric 
and hydrocholoric acids ; apply the flame of a spirit- 
lamp : the gold leaves are dissolved. Continue to 
apply a gentle heat^ so as to expel any excess of 
acid: terchloride of gold remains. In this process, 
chlorine is set free from the hydrochloric acid, and 
combines with the gold. 

2. Cover a slip of glass with a few drops of the 
terchloride of gold ; apply the flame of a spirit- 
lamp : the chlorine is expelled, and gold is left upon 
the glass. 
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3. Put a drop of chloride of mercury on a gold 
ring ; with the point of a penknife touch the gold 
through the drop : a permanently white spot of an 
amalgam of gold is produced. 

PLATINUM. 

37- This metal is much used for making different 
kinds of chemical apparatus, on account of it being 
very infusible, and scarcely at all acted upon by 
ordinary chemical agents. 

Experiments, 

1. Mix nitric acid with an equal bulk of hydro- 
chloric acid ; add the mixture to a few small pieces 
of platinum wire in a Florence flask ; digest, that is, 
keep the liquid at a slow boiling heat, until the 
acid is neutralised: a solution of bichloride of 
platinum is formed. 

To obtain it perfectly free from acid, evaporate 
cautiously to dryness, and dissolve the residue in 
water. 

2. Add a drop of the solution of bichloride of 
platinum to a glass of water ; into this solution let 
fall a drop of iodide of potassium : a deep port- 
wine-coloured compound is immediately produced. 
The delicacy of this test is truly remarkable. 

8. To the solution of bichloiride of platinum, add 
a solution of hydrochlorate of ammonia : a yellow 
precipitate is formed, a compound of this salt and 
platinum. 

Decant off the liquid and dry the predpitate ; 
put it into the bowl of a tobacco-pipe, and bring it 
to a good red heat in the fire : metallic platinum, 
in a spongy state, is left, the other substances having 
been expelled by the heat. 

E 2 
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4. Hold the spongj platinum before a stream of 
hydrogen gas : the metal soon becomes red hot, and 
the gas is ignited. 



SECTION IV. 



DOCTBINB OP EQUIVALENTS. CHEMICAL NOMENCLA- 
TURE, SYMBOLS, ETC. 

38. When bodies combine with each other, it is always 
in certain fixed or definite proportions, that isi the 
same compound substance always contains the same 
elements combined in a constant proportion : thus 
water, whatever may be its quantity, or however 
generated, consists of 8 parts of oxygen to 1 part 
by weight of hydrogen : thus 1 part of hydrogen 
combines with 16 parts by weight of sulphur, to 
form sulphuretted hydrogen : thus 1 part of hy- 
drogen combines with 6 parts by weight of carbon, 
to form carburetted hydrogen (olefiant gas). The 
numbers representing the proportional weights in 
which bodies combine, are called their chemical 
equivalents. 

Taking 1 as the combining equivalent of hydro- 
gen, 8 will be the combining equivalent of oxygen, 
16 that of sulphur, and 6 that of carbon. Moreover, 
while 8 and 6 represent the proportional numbers 
in which oxygen and carbon respectively combine 
with hydrogen, these numbers also represent the 
proportion in which oxygen and carbon combine 
with each other or with any other substances : thus 
8 parts of oxygen combine with 6 parts by weight 
of carbon, to form carbonic oxide. But this is not 
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all : when the same bodies combine in more than 
one proportion, the proportional numbers repre- 
senting each successive compound are multiples 
(or it may be submultiples) of those in the first 
compound. This law is exhibited in the following 
examples : — 

Compounds of Carbon and Oxygen. 

Proportion of Proportion of 
Carbon. Oxygen. 

Carbonic oxide ---6 4- 8 = 14 
Carbonic acid - - - - 6 4- 16 = 22 

Compounds of Nitrogen and Oxygen, 

Proportion of Proportion of 





Nitrogen 


,• 


Oxygen. 


Protoxide of nitrogen 


- 14 


+ 


8 = 22 


Binoxide of nitrogen 


- 14 


+ 


16 = 30 


Hyponitrous acid 


- 14 


-f 


24 = 38 


Nitrous acid - - - 


- 14 


+ 


32 = 46 


Nitric acid - - - - 


- 14 


4- 


40 = 54 



The equivalent of a compound body is the sum 
of the equivalents of its elements : thus the equiva- 
lent of carbonic oxide is 14, this number being the 
sum of 6 and 8 ; thus the equivalent of nitric acid 
is 54, this number being the sum of 14 and 40. 

39. The following table contains a list of the 
names of the elementary substances, so far as they 
are at present known, with their symbols and com- 
bining equivalents. Those substances printed in 
italics are rare, and of comparatively little im- 
portance. 

B 3 
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Table of Equivalents and Symbols of Simple 

Substances, 



Svm. Name. 
H Hydrogen - - 


EquiT. 
- 1 


Sjrm. Name. 
Mn Manganese - 


EquiT. 

- 28 


O Oxygen 


- 


8 


Ni Nickel - 


• 


30 


N Nitrogen 


- 


u 


Ba Barium 


_ 


68 


CI Chlorine 


- 


36 


Sr Strontium 


_ 


44 


C Carbon 


. 


6 


As Arsenic 


_ 


76 


I Iodine 


- 


126 


Sb Antimony 


- 


128 


S Sulphur 


- 


16 


Bi Bismuth 


_ 


108 


P Phosphorus - 


to 


16 


Te TeUurium - 


« 


64 


F Fluorine 


•* 


18 


V Vanadium 


_ 


68 


Br Bromine 


- 


78 


U Uranium 


„ 


60 


B Boron - 


- 


10 


Mo Molybdenum - 


„ 


48 


Se Selenium 


- 


40 


Tn Tungsten 


. 


94 


Metals : 






Ti Titanium 


. 


24 






Cm Columbium - 


„ 


184 


K Potassinni - 


- 


40 


Nr Niobium 


_ 


? 


Na Sodium 


- 


24 


Pe Pelopium 


„ 


? 


Xt Lithium 


m 


6 


No Norium 


„ 


? 


Ca Calcium 


m 


20 


G Glucinum 


^ 


26 


Mg Magnesium - 


- 


12 


Zr Zirconium 


. 


34 


Si Silicon 


- 


6 


Th Thorium 


„ 


60 


Al Aluminum - 


- 


14 


D Didymium 


. 


? 


Fe Iron 


- 


28 


Ln Lanthanium - 


„ 


48 


Cu Copper - 


- 


32 


Ce Cerium - 


^ 


46 


Pb Lead - 


- 


104 


Y Yttrium 


^ 


32 


Zn Zinc - 


■1 


33 


Tb Terbium 


^^ 


? 


Cr Chrome 


- 


28 


E Erbium 


„ 


9 


Hg Mercury 


- 


100 


Cd Cadmium 


^ 


56 


Ag Silver - 


- 


108 


Pd Palladium - 


_ 


54 


Au Gold - 


- 


100 


B Rhodium 


^ 


52 


PI Platinum 


- 


98 


Os Osmium 


^ 


100 


Sn Tin - 


. 


58 


Ir Iridium 


^ 


98 


Co Cobalt 


- 


30 


Bu Ruthenium - 


. 


52 



The arrangement of the elementary substances, in this 
Table, is merely adopted to suit the order observed in the 
other portions of this work. 

40. The first letter or letters of the Latin name 
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of a simple substance, is taken as its symbol ; and 
the symbol of any substance always represents its 
combining equivalent. Thus O stands for one 
equivalent of oxygen ; 20 or O2 stands for two 
equivalents of oxygen, and so on. Compounds are 
expressed by the equivalents of simple substances 
which enter into their composition : thus sulphuric 
acid is composed of one equivalent of sulphur and 3 
equivalents of oxygen : the symbol of sulphuric 
acid, therefore, is S + Os, or more simply SO,, and 
the combining equivalent =16+3x8 = 40. 

The sign of equality (=) is used to express an 
identity of composition^ but not always an identity 
in the form of the arrangement of the elements. 

The names given to compound substances are 
such as to indicate their elementary composition. 

Compounds containing oxygen are called acids 
or oxides, according as they do or do not possess 
acidity. Thus an oxide of iron contains oxygen 
and iron. The termination ic is placed to the name 
of a substance, when it becomes an acid : thus we 
have sulphuric acid, which is a compound of sulphur 
and oxygen. When the substance forms two acids, 
that which contains the smallest portion of oxygen 
terminates in ous ; thus we have sulphurot/f acid. 
The termination uret also indicates the combina- 
tion of a variety of substances : thus we have sul- 
^huret of iron, which expresses a compound of 
sulphur and iron. Degrees of oxidation are some- 
times expressed by Greek or Latin prefixes : thus 
protoxide expresses the first degree of oxidation, 
binoxlde the second, ^^roxide the third, and so on. 
The highest degree of oxidation is usually expressed 
peroxide. When an acid, whose name ends with an 
ic, forms a salt, its name terminates with an ate : 
thus nitric acid forms a nitrate ; while a sulphurot^j 
acid forms a sulphite, and so on to other cases. 
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Exercises on the Use of Chemical Formulce. 

41. One of the greatest advantages of chemical 
formulaB is, that they enable us to represent chemical 
combinations and changes with such clearness and 
precision. 

1. 1 eq. * water = 1 eq. hydrogen 4-1 eq. oxygen 

= H-fO, orHO, 
= 1 + 8 = 9. 

2- 1 eq. carbonic acid = 1 eq. carbon + 2 eq. 
oxygen 

= 0+02, or CO2, 

= 6 + 2 X 8 = 22. 

3. 1 eq. nitric acid = 1 eq. nitrogen + 5 eq. 
oxygen 

= N + O5, or NOfi, 
= 14 + 5 X 8 = 54. 

4. 1 eq. potassa = 1 eq. potassium + I eq. 
oxygen 

= K + 0, or KO, 
= 40 + 8 = 48. 

5. 1 eq. carbonate of potassa = 1 eq. potassa + 1 
eq. carbonic acid 

= KO+C02,or 
KO CO2, 

= 48 + 22 = 70. 

6. 1 eq. ammonia = 1 eq. nitrogen + 3 eq. hydro- 
gen 

= N + H3, or NH3, 

= 14 + 3 X 1 = 17. 

* Eq. is used as an abbreviation of the word equivalent 
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7. 1 eq. hydrochloric acid = 1 eq. hydrogen + leq. 
chlorine 

== H 4- CI, or HCl, 
= 1 + 36 = 37. 

8. 1 eq. hydrochlorate of ammonia =NH3 + HCl 

= 17 + 37=54. 

9. 1 eq. bichloride of platinum = PI +2C1, or PlCla 

=98+2x36 = 170. 

10. 1 eq. lime = 1 eq. calcium + 1 eq. oxygen 

= Ca + O, or CaO, 
= 20 + 8 = 28. 

11. 1 eq.carbonate of lime=CaO + C02> or CaO COg 

= 28 + 22 = 50. 

12. The action in Exp. 3., Art. 12. is as follows : — 

1 eq. carbonate of potassa + 1 eq. lime 
= KO COa + CaO, 
= KO + CaO COa- 

Here KO, or potassa, remains in solution, and 
CaO C02> or carbonate of lime, is precipitated. 

13. The action in Exp. 1., Art. 14- is as follows : — 

1 eq. sulphuric acid + 1 eq. water + 1 eq. zinc 
= SO, + HO + Zn, 
= ZaO SOa + H. 

Here ZnO SO^, or sulphate of oxide of zinc, 
remains in solution, and the hydrogen is given 
off. 
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14. The action in Exp. 1., Art. 13. is as follows :— 

1 eq. hydrochloric acid -f 1 eq. carbonate of 
lime 

= HCl + CaO COa, 
= CaCl + HO + COa. 

Here CaCl + HO, or chloride of calcium with 
water, is formed, and COj, or carbonic acid, is 
given off. 

15. The action in Exp. 1., Art. 26- is as follows:— 

I eq. sulphate of magnesia + 1 eq. carbonate 
of potassa 

= MgOSOs4-KOC02, 
= KO SO, 4- MgO COy 

Here MgO CO2, or carbonate of magnesia, falls, 
and KO SO3, or sulphate of potassa, remains ia 
solution. 

16. 1 eq. nitrate of copper, or nitrate of the oxide 
of copper, 

= 1 eq. oxide of copper -f- 1 eq. nitric acid, 
= CuO 4- NO5, or CuO NO5. 

17. The action in Exp. 3., Art. 3S. is as follows :— 

1 eq. nitrate of the oxide of silver + 1 eq. 
hydrochloric acid 

= AgO NO5 4- HCl, 
= NOfi 4- HO + AgCl. 

Here NO5, or nitric acid with water, remain in 
solution, and AgCl, or chloride of silver, falls. 



SECTION V. 



CONDUCTED ON A LARGER SCAtl 
L MOKE COMPLETE APPARATUS. 



42. Preparation. To obtain oxygen pure, ibe 
substance which supplies it is placed in a retort or 
tube, and exposed to beat ; wben gas is evolved it 
must be collected over water, either in the pneu- 
matic trougb or in a gas-holder. See pages 20. 
and 21. 

43. Oxygen obtained from black oxide of 
manganete. This substance is used hy itself when 
large quantities of the gas are required. The oxide 
is introduced into an iron bottle, to tbe mouth of 
which an iron tube, a, is adapted, and luted or plas- 
tered over witli common pipe-clay, made into paste 
with water. The extremity of this tube is luted to 
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a flexible tube, b, the outer end of whicb is inserted 
into the water of a gas-holder. The bottle is placed 
upon a good fire. When the manganese attains a 
red heat, it gives off a portion of its oxygen, which 
rises within the gas-holder. 

The chemical changes which take place in this 
process are exKibited in the following formulas : — 

3 eq. binoxide of manganese 
= 2Mn02 = Mn304 = MnaO^ +0. 

Here, after the process is completed, MugOs, ^^ 
sesquioxide of manganese, remains in the retort 
The gas should stand for a short time over water, 
in order to absorb anj carbonic acid gas which it 
may contain. 

44. Oxygen obtained from chlorate of potassa. 
Mix about equal parts of chlorate of potassa and 
black oxide of manganese in a mortar ; introduce 
the mixture into a small copper or green glass 
retort ; apply the flame of a spirit-lamp, and receive 
the gas in the gas-holder, or the pneumatic trough. 

If only a 
small quan- 
tity of the gas 
is wanted, 
the mixture 
may be intro- 
duced into a large test tube, having a cork per- 
forated by a bent exit tube, as in the annexed cut 

The decomposition is represented by the following 
formulas : — 

1 eq. chlorate of potassa 
= 1 eq. potassa + 1 eq. chloric acid, 
= K0 4- C106=KCl+06. 

Here the heat resolves the chlorate of potassa 
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into KCl, or chloride oP potassium, and Og, or 6 eqs. 
of oxygen. The manganese in the mixture merely 
aids in keeping a Btead; beat. 

Experiments with Oxygen, 

1. Introdace a lighted taper into a 
bottle of this gas ; the flame is in- 
creased in size and brilliancy. In- 
troduce a candle with a wick red ; it 
bursts into flame. 

2. Put some pounded charcoal on a 
cupattached to a wire passing through 
a cork ; heat the charcoal, over a 
epirit-Iamp, to redness ; plunge it 
into the gas : the charcoal glows with 
great brightness, and bursts inio 
flame. Here the product of com- 
buation is carbonic acid gas. 

3. Bum phosphorus in the same 
manner : it bums with great spten- 
dour. 

4. Bum sulphur in the same 
manner: it bums with a beau- 
tiful blue flame. 

5. Boll a piece of fine steel 
wire in a spiral form round a 
glass tube : fix one extremity of 
the wire in a cork, and to the 
other extremity attach a piece of 
cotton wick dipped in melted . 
sulphur; ignite the wick, andJ 
plunge it into a bottle of o:r?gen : 
the wire takes fire, and bums with beautiful scin- 
tillations. The product of combustion in this case 
is oxide of iron. To prevent the bottle irom 
breaking, the bottom should be covered with sand 
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6> Introiluce some dark-coloured venoas blood 
into abotOe of oxygen: the btood.uponbeingshaken, 
sooQ acquires the florid colour of arterial blood. 

7. Prqject the oxygen from a gas-holder on the 
flame of a Bpirit- 
lamp: great heat 
isproduced. Hold 
a small piece of 
chalk or Ume be- 
fore the flame : 
the light of the 
lime is brilliantly 
white and intense. ^^^^^ 
Burn a piece of '■ — — » 
wateh-spring in the flame; fce. 

8. Ta^e a large piece of charcoal, and make a 
small hole in it ; hold this part of the charcoal ovei 
a lamp until it becomes red hot ; drop a small cast- 
iron nail into the hole ; hold the heated charcoal 
before a stream of oxygen (issuing from a jat with 
its orifice turned downwards): the charcoal bnros 
rapidly ; the nail becomes white hot^ then fuses, and 
finally burns, giving off a brilliant shower of ig- 
nited sparks of the metal. This is one of the most 
beautiful experiments in the whole range of che- 

VariouB other metals may be ignited in the same 




The common mouth bloupipe. This consists of 
a brnss tube, having a very small orifice or jet Bt 
one end, for projecting a small constant stream of 
air upon the flame. In the flame of a common 
candle, fi ia a hollow cone containing combustible 
gases in excess: this is surrounded by a sheet of fiune 
a, where the combustible material is in contact with 
the oxygen of the air. When we blow through 
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this flame, by 
means of the 
blowpipe, the 
circumstances 
are completely 
changed ; ^, in 
the second figure, 
contains a power- 
ful fiame, having 
combustible gases 
in excess.; this portion is called the deoxidtsing or 
REDUCING FLAME, for it deprives substances of their 
oxygen ; a, in the second figure, is a flame where the 
oxygen preponderates ; this portion is called the 
OXIDISING FLAME, for it commuuicates oxygen to 
the substance heated in it. 

When a metal is to be brought to the state of an 
oxide, it is placed in the oxidising fiame a; and 
when an 6xide is to be reduced to the metallic state, 
it is placed in the deoxidising or reducing flame b. 
The most powerful heat is produced at the apex of 
the cone c. 

In using the mouth blowpipe, the student must 
endeavour to acquire the power of keeping up a con- 
stant and steady blast, by forming his mouth into a 
bag of air, while at the same time he breathes through 
his nostrils.. The manner of doing this is difficult 
to explain : by repeated trials, however, he will see 
that it is possible to do so. . 

Experiment Place one or two grains of oxide of 
lead (litharge) on a piece of charcoal, and hold the 
substance in the reducing flame b; the metallic 
lead is produced in the form of a brilliant globule ; 
bring the globule to the oxidising flame a ; the 
metal is oxidised, and presents a dull appearance. 
Various other metals may be treated in the same 
manner. f 2 
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The peculiar action of the flame of the blow- 
pipe constitutes a most interesting and useful de- 
partment of experimental chemistry. On this sub- 
ject the student may consult Griffin's ^'Chemical 
Becreations." 

HTDROGEN. 

45. Preparation. This gas is most conveniently 
prepared from zinc and diluted sulphuric acid. Put 
some zinc cuttings, sulphuric acid, and about five 
times the quantity of water, into a retort r (see cat, 
page 21., Art. 18.) or into a bottle b, with the bent 
tube t; great heat is produced by 
the mixture of the acid and water, 
and the gas is copiously evolved, 
which may be received over water in 
the pneumatic trough or in the gas- 
holder. See Exercise 13., Art. 41. 

Experiments with Hydrogen, 

1. Invert a jar of hydrogen over a 
candle ; the flame of the candle is ex- 
tinguished, but the gas burns at the 
mouth of the vessel. In this way the 
gas takes some time before it is burnt 
away. 

2. Ignite a jar or bottle of hydro- 
gen, having the mouth of the vessel 11^ 
uppermost ; in this case the gas burns ^.^ t^ 
much more quickly away, in conse- ^"^JJ^^ ^g^ 
quence of its great lightness as com- ^^^^^^^■^■^'^ 
pared with the air. 

3. Introduce the gas into a jar a, having a gas- 
burner g, and stop-cock c; open the cock, 
and at the same time depress the jar in the 
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'Water; ignite the gas as it 
issues from the small orifice 
g ; the gas burns with a pale 
yellow flame, which gives off 
a great deal of heat. 

Hold a dry tumbler glass 
over the flame : water is de- 
posited. 

Bepeat Exp. 2., Art. 14. 

4. Mix in a strong bottle 1 
measure of hydrogen with 2\ 
or 3 measures of common air ; 
apply the flame of a candle to the mouth of the 
bottle : the mixture detonates with a considerable 
report. 

5. Fill a bladder with this gas from a capped re- 
ceiver at the pneumatic trough, 

as exhibited in the annexed cut, 
or from the gas-holder ; adjust 
a common tobacco-pipe to the 
stop-cock, and blow soap bub- 
bles by giving a gentle pressure 
to the bladder : these soap bub- 
bles, being filled with hydro- 
gen, are lighter than the air, 
and they ascend in the atmo- 
sphere like little balloons. Bring 
the flame of a candle in contact 
with one of these hydrogen bub- \L 
bles : it explodes.* 

6. Fill a small balloon 
with hydrogen, or with 
common street gas, and load 
it with a light paper car, so 
as to keep it suspended in 
the air. 

7 3 
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7. Throw a stream of hydrogen on spongy p1a« 
tinum. (See Exp. 3., Art. 37.) To ensure the 
success of the experiment^ the platinum should be 
previously heated to redness before the spirit-lamp. 

8. Mix over the pneumatic trough a portion of 
oxygen with twice its yolume of hydrogen ; fill a 
common soda-water bottle with the mixed gases ; 
apply the flame of a taper: the gases detonate 
with a loud report. 

Composition of Water. 

46. It has already been explained that water is 
composed of 8 parts by weight of oxygen and 1 part 
of hydrogen. Now oxygen is exactly 16 times 
heavier than hydrogen ; hence it follows that there 
must be double the quantity by volume of hydrogen 
to form water. The composition of water may be 
determined in two ways ; first, by synthesis^ or by 
bringing the elements together; second, by analysis, 
or by separating the elements from each other. 

Synthesis, Introduce the mixed gases, 2 vo- 
lumes or measures of hydrogen and 1 volume or 
measure of oxygen, into a strong graduated tube 
(Volta's Eudiometer), having two wires nearly 
meeting each other 
within the tube at the 
top ; pass an electric 
spark through the 
mixed gases by means 
of a charged Leyden- 
jar, as shown in the 
annexed cut: the gases 
combine with ignition, 
water is formed, and 
a complete vacuum is 
produced, which is 
filled up by the ascent of the water in the trou<yli 
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^nalgsU. Two equEtl tnbea, o and h, filled with 
■water, are inverted over the 
two poles of a galvanic batteiy ; 
when the buttery is put in ac- 
tion the water is resolved into 
the two gases J the oxygen 
Tisea in the tube o placed over 
the positive pole, and the hy- 
drogen into the tube e placed 
over the negative pole. Aa 
the analysis proceeds, it v 
be seen that the volume of the ''', 
hydrogen is always double that 
of the osygen. 

47. Water is also decomposed by passiug a cur- 
rent of steam through an iron tube partially filled 
with iron-filings, and kept at a red heat by & 
furnace. In tJhis cut. r representa the retort in 





which the water is being boiled ; 1 1 the red-hot lube 
passing through the furnace F : the bent pipe h 
conveys the hydrogen gas into ajar e standing on 
the shelf of a pneumntic trough t. In this 
interesting experiment the steam passing over the 
healed iron is decomposed ; the iron, taking up the 
oxygen, becomes an oxide of iron, and the hydrogen 
is disengRged. 
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Ignition of the SRxed Gases. — Oxy-hydrogen 

Blowpipe. 
4B. The ilmpleat manner of shoving the intense 
heat generated bj the ignition of mixed gasea ia as 
foUowa. The hydrogen is formed in the bottle b, 
the cork of which is perforated by two tubes ; a is a 
funnel-ahaped tube, for the purpose of supplying 
sulphuric acid as it is required j f is a b^t tube 
conveying the hydrogen 
for ignition*; r ia the tnbe 
with a stop-cock and jet, 
conveying a stream of 
oxygen from a gaa-holder 
on the hydrogen flame. 
The various experiments / 
described in Art. *4. / 
may be tried with this ^ 
flame. ^ 

49. DanieFt blowpipe. In this apparatus i 





common tube b receives the two gases contuned in 
the bladders h and Oi provided with stop-cocks. 
the hydrogen is first ignited, and then the pressure 
upon the bladder containing the oxygen is regulated 



BO as to produce the maximum heating effect on the 

SO. The following economical apparatuB, answer- 
ing the double purpose of a gaa-holder and an 
oxy-hydrogen blowpipe, has been successfully used 
by the author of this work. In the annexed cut^ 
r represents the gas receiver} s a ahelf which 
screws on at d ; e and e stop-cocks, as io the ordi- 
nary gas-holder (see p. 22.)! 
h ff & jet filled with wire gauze 
at the thick part h; p an 
aperture for receiving the beak 
of a retort; n k a bent pipe 
passing into the interior of the 
receiver r ; A ( a flexible tube, -* 
which screws on at A, and 
forms a connection with a 
bladder cont^ing the mixed 
gases ; /a funnel with a tube 
and stop-cock for acrewing o 
at A. The tubular portion 
d b ia about j inch internal 
diameter and 2 inches in length. 
apparatus is to be used ae 
pipe, water is introduced ii 
stand at the level d; the orifice at b is closed by 
means of a cork, and the bladder containing the 
mixed gases is screwed on aXk; the safety jet h g 
is screwed on the stop-cock e ; upon pressure being 
applied to the bladder, the mixed gases rise thrciugh 
the water, and filling the space d b, pass out iu a. 
strong streaipthroughthejetp, and are there ignited 
This arrangement is perfectly safe, for in the evei 
of the flame passing along the safety tube k, we ca 
only have an explosion of the gases contamed * 
the small chamber if &, the only effect of whi<: 
would be to blow out tiie cork in the orifice b, i 




When the 
be used as an oxy-hydrogen blow- 
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the large body of water in r most effectually cuts 
off all communication with tho gases in the bladder. 
When the apparatus is to be used as a gas-holder, 
the shelf s is screwed on at b, the funnel^* at k, and 
gases are received and transmitted in the same man- 
ner as in the ordinary gas-holder. 

Analysis of the Atmospheric Air by the DeioneUion 
of Hydrogen in VoltcCs Eudiometer. 

51. Mix over the pneumatic trough 2 volumes of 
atmospheric air and 1 volume of hydrogen ; intro- 
duce a small portion of this mixture into the eudio- 
meter tube (Art. 46.) so as to occupy 15 divisions 
of the tube ; detonate by the electric spark : after 
detonation the gas only occupies 9 divisions of the 
tube; that is, 6 parts have disappeared, in con- 
sequence of all the oxygen having combined with a 
portion of the hydrogen to form water. Now the 
gaseous mixture in the tube contained 10 parts of 
air and 5 of hydrogen ; and since water is composed 
of 1 volume of oxygen and 2 volumes of hydrogen, 
one-third of the diminution must give the quantity 
of oxygen in the 10 volumes of air originally in the 
tube; that is, 2 volumes of oxygen have disappeared; 
but 2 is one-fifth of 10; therefore one-fifth of 
atmospheric air is oxygen, and the remaining four- 
fifths are nitrogen : hence in 100 volumes of air, 
20 are oxygen and 80 are nitrogen. 

KITHOGEN AND ITS COMPOUNDS WITH 0XT6EK. 

52. For the preparation and properties of ni- 
trogen, see Art. 15., and Exps. 4. and 5. 

Protoxide of Nitrogen — NO. 

This gaseous compound is familiarly known by 
the name of the laughing gasy from the ludicrous 
effect which it has upon persons who respire it 
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^his gas is not infammable, but it supports com- 
l)ustion with greater brilliancy than common air. 

Preparation, — Introduce some crystals of nitrate 
of ammonia * into a large retort ; apply the heat of 
an Argand lamp having a copper flue, to give 
steadiness to the flame : at a temperature of 400° 
the salt fuses, and then gives off the gas in great 
abundance, which may be received in the gas-holder 
filled with warm water, as cold water largely 
absorbs the gas. It should stand for two or three 
hours over a little water, to absorb any fumes of 
nitrous acid that may be formed in the process. 
The whole of the salt is resolved by heat into this 
gas and water, as shovm by the following symbols : — 

1 eq. nitrate of ammonia 
= 1 eq. ammonia -f- 1 eq. nitric acid 

= NH3+N05 

==H3 + 03+N2 + Oa = 3HO + 2NO. 

Hence it a|)pears that 1 eq. of nitrate of ammonia 
yields 3 eq. of water and 2 eq. of the protoxide of 
nitrogen. 

Experiments. 

1. Plunge a burning candle into a bottle of this 
gas: the flame is much increased in brilliancy in 
consequence of the large quantity of oxygen which 
the gas contains. 

2. Introduce a large splinter of wood having a 
glowing red spark into this gas : the flame is re- 
kindled, as in the case of oxygen gas. 

3. Transfer this gas from the gas-holder into a 

♦ To prepare this salt, add carbonate of ammonia in pow- 
der to nitric acid dilated with about three parts of water until 
efferrescence ceases ; evaporate the solution until a drop of 
the liquid let fall upon a cold plate becomes a solid mass. A 
little ammonia should be added towards the close of tlie pro- 
cess to render the salt perfectlj alkaline. 
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damp bladder having a wide 

wooden mouth-piece ; place 

the mouth-piece between 

the teeth of the person 

who is to inhale the gas; 

let him close his nostrils 

with his forefinger and thumb, and then let him 

breathe the gas in the bladder: various effects, 

more or less ludicrous, are produced upon persons 

inhaling the gas. All kinds of apparatus should be 

removed, for thej are liable to be injured by the 

inhaler. 

Binoxide of Nitrogen — NO2. 

This compound is a colourless gas, similar in ap- 
pearance to common air : it is sparingly absorbed 
by water. 

Preparation* — Put some copper cuttings into a 
retort, pour nitric acid upon them, and then add 
about an equal quantity of water * : brisk effer- 
vescence takes place without the aid of heat, and 
the gas may be collected over water in the pneu- 
matic trough. 

The decomposition is represented by the following 
formulffi : — 

4 eq. nitric acid + 3 eq. copper 
= 4NO5 -h 3Cu 
= NOaOg -h 3NO5 -h 3Cu 
= NOa + 3(CuO -f NOfi) 
= binoxide of nitrogen -}- 3 nitrate of 
the oxide of copper. 

Experiments, 
1. Transfer a bottle of this gas over the pnea- 
* The diluted add should hare a specific gravity of 18. 
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matic troagh into a similar bottle nearly filled with 
common air ; red fumes of nitrous acid (NO4) are 
instantly formed, which are soon absorbed by the 
-water. This constitutes a characteristic property 
of the binoxide of nitrogen, and it is used in this 
-way to detect the presence- of free oxygen. 

2. Plunge a piece of burning phosphorus into a 
bottle of this gas : the phosphorus continues to burn. 

3. Burn a mixture of this gas and hydrogen (see 
cut to Exp. 3., Art. 45.) : the mixed gases burn 
-with a green-coloured fame. 

4. Transfer a bottle of binoxide of nitrogen to a 
cup containing a solution of sulphate of iron : the 
solution becomes black. 

Nitric Acid — NO5. 

For the leading properties of this acid, see Art. 17- 
PreparaHon, Mix equal weights of nitrate of 
potassa (nitre) and oil of vitriol of commerce in a 
retort ; heat the retort over a chaufifer a, containing 
heated charcoal (a sand bath or an Argand lamp 
would answer the purpose equally as well) : nitric 




acid distils over, and is condensed in the liquid form 

G 



62 



EXPEBIMENTAL CHEHISTRT. 



in the receiver b^ kept cool bj a stream of water 
proceeding from a jar c. The stream of water may 
be conveniently supplied from a funnel having its 
tube partially closed by a piece of rag. 

The decomposition is as follows : — 

2 eq. sulphuric acid + water -f 1 eq. nitrate of 
potassa 

= SO3 + 2H0 + KO NOg 
= KO 2SO3 + HO + NOa +HO 
= bisulphate of potassa and water -{- 
nitric acid and water. 

Distillations of any kind are conveniently ef- 
fected by means of Liebig's condensing tube. 




The liquid to be distilled is placed in the retort r, 
to which a sufficient heat is applied to boil the 
liquid : the vapour, as it passes along the tubes, is 
condensed by the cold kept up in the condensing 
tube s ^ F, and the liquid drops into the receiver r. 
The construction of this condensing tube is ex- 
ceedingly ingenious : ^ is a wide tin tube ; p a 
funnel passing into it for the purpose of supplying 
cold water; s a syphon for carrying off the hot 
water ; a glass tube passing through this tin tube 
is connected with the beak of the retort and the 
receiver R ; this glass tube passes through perforated 
corks inserted at each end of the tin tube t. Now 
this glass tube is continually surrounded by cold 
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Skier I for while cold water is being supplied by 
the funnel F, the water^ as it becomes heated, rises 
-within the tin tube, and is carried off by the sy- 
jjlions. 

JExperiment Heat gently some oil of turpentine 
i n a porcelain basin ; pour suddenly upon it a mix- 
-tizire of 1 part of sulphuric acid and 2 parts of 
ni1:ric acid : combustion takes place, with the evo- 
lution of a dense smoke. In order to avoid accident, 
tlie mixed acid should be poured from a bottle tied 
to the end of a stick. 

CA.BBON, SULPHTJK, AND PHOSPHORUS, THEIR COM- 
POUNDS WITH OXYGEN AND HYDROGEN. 

Carbonic Oxide — CO. 

53. This is a colourless gas ; it is the gas that 
burns with a blue flame at the top of a coke or 
charcoal fire. 

JPreparation, Mix pounded oxalic acid with 
sulphuric acid in a retort, and apply heat : carbonic 
oxide and carbonic acid gases are given off, which 
may be received over the pneumatic trough. By 
allowing the gases to stand over water for a few 
hours, or by agitating them with lime water, the 
carbonic acid gas is absorbed, and the carbonic 
oxide is left pure. Oxalic acid may be regarded as 
a compound of carbonic oxide and carbonic acid 
with water ; thus : — 

1 eq. oxalic acid = C2O3 + water = CO+CO2 + 
water. Now, the sulphuric acid combines with the 
vk^ater and sets the two gases free. 

Experiment Plunge a lighted taper into a 
bottle of this gas : the taper is extinguished, but 
the gas burns at the mouth of the bottle with a 
beautiful blue flame : thus carbonic oxide is inflame 
mablCf but it does not support combustion, 

o 2 
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Carbonic Acid — CO2. 

54. Preparation, Carbonic acid gas, being more 
than 1^ times heavier than 
common air, may be prepared 
sufficiently pure by the fol- 
lowing process. The gas is 
generated in the bottle b (see 
Exp. 1., Art. 13.); a bent 
tube bed passes through a 
cork by and descends to the 
bottom of the open bottle di 
as the gas enters the bottle d^ the common air is 
displaced.* A little experience will readily enable 
the experimenter to ascertain when the bottle is 
filled with the gas. 

When this gas is received over the pneumatic 
trough, the water should be warm ; for carbonic 
acid gas is largely absorbed by cold water. 

Experiments. 

1. Invert a jar or bottle of the gas over a burn- 
ing candle : the gas by its gravity, falls upon the 
candle, and extinguishes the flame. 

2. Place a burning candle in an 
open jar ; take a bottle of carbonic 
acid gas, and pour it into the jar : 
the flame is extinguished. This 
shows that carbonic acid gas is much 
heavier than common air. 

3. Foursome lime-water into a bot- 
tle containing this gas : carbonate of 
lime is formed : shake the liquid, and 
it becomes clear, in consequence of the carbonate of 

* Gases which are lighter than the air, such as ammoniacal 
gas, may be received in bottles with their mouths inverted. 
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lime being soluble in an excess of carbonic acid. 
In this way lime is dissolved in spring-water. 

4. Add a little water to a bottle of the gas; shake 
the bottle : the water takes up the gas, and requires 
decided acid properties ; add a Httle solution of 
litmus : the blue is changed to red. 

Carhuretted Hydrogen — CH2. 

BSm This gas is formed in marshes and stagnant 
pools ; it is but little more than half the weight of 
common air ; it is highly inflammable, and forms 
the fire-damp of the miners. When coal is heated 
to redness, it is resolved into tarry matter, and 
certain gaseous compounds of carbon and hydrogen, 
containing about 70 per cent, of carburetted hy- 
drogen. 

Experiments, 

1. Invert a bottle filled with water in a stagnant 
pool ; insert a funnel into the bottle to catch the 
gas ; stir up the bottom of the pool with a stick : 
bubbles of carburetted hydrogen gas rise, which are 
easily received through the funnel. Ignite the gas 
thus obtained : it burns with a yellow flame. 

2. Mix I measure of this gas with 7 or 8 of 
common air, in- a bottle ; apply the flame of a 
candle : the gas explodes with some violence. Mix 
1 measure of the gas with 3 or 4 measures of air, 
and ignite the gases : they burn without explosion. 

3. Put some pounded coal into a test-tube, fitted 
with a cork and the stem of a tobacco-pipe ; apply 
the flame of a spirit-lamp : gas is disengaged, which 
may be inflamed as it issues from the small orifice 
of the pipe. 

4. The flame of a candle is produced by the 
ignition of carburetted hydrogen gases. Bring 

o 3 
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one extremity of a tube, about 

f ths of an inch in diameter, into 

the centre of the flame of a 

candle : the gases rise up the 

tube, and may be ignited as they 

escape at the upper end. This 

experiment also shows that flame 

is hollow. 

56. The Davy lamp. Carbu- 

retted hydrogen occurs in coal- 
pits from the decomposition of the 

coal, where it sometimes explodes by coming in 

contact with flame ; and thus melancholy accidents 

take place. The Davy lamp is designed to prevent 

these explosions. 

Experiment. Take a 

piece of fine wire gauze : 

hold it across the flame 

of a lamp; the flame 
does not pass through 
the gauze. Blow out 
the flame, and ignite the 
smoke as it rises through 
the gauze: the flame does 
not descend below the gauze. 

This experiment exhibits the principle 
upon which the Davy lamp is constructed : 
the metal, being a high conductor of heat, 
cools down the temperature of the inflam- 
mable matter in contact with it, and 
thereby extinguishes the flame on the side 
opposite to the burning body. The Davy 
lamp simply consists of a lamp surrounded 
by wire gauze to prevent flame extend- 
ing from the interior of the lamp to the 
adjacent atmosphere. 
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Olefiant Gas, or Heavy Carburetted 
Hydrogen — C4H4. 

This gas, owing to its illuminating power, is 
the most valuable constituent of street gas. It con- 
tains a larger quantity of carbon than the light car- 
buretted hydrogen. Coal gas, when well prepared, 
contains about 20 per cent, of olefiant gas. 

Preparation. Mix 1 part of alcohol with 5 or 
6 pM'ts of sulphuric acid in a retort ; apply the heat 
of an Argand lamp : the gas comes over in great 
abundance, which may be received, over water in 
the pneumatic trough. 

Experiments, 

1. Plunge a lighted candle into a bottle of this 
gas : the fiame of the candle is extinguished ; but 
the gas burns, at the mouth of the bottle, with a 
fine, brilliant flame. 

2. Burn this gas in a capped receiver. (See cut 
to Exp. 3., Art. 45.) 

3. Mix 3 volumes of oxygen with 1 volume of 
olefiant gas in a strong common soda-water bottle ; 
ignite the mixed gases : a violent explosion takes 
place, carbonic acid and water being formed : thus 
we have 

olefiant gas and oxygen 

=C2H2 +06 = 2CO2 + 2H0. 

1. Mix 2 measures of chlorine with 1 measure 
of olefiant gas in a bottle ; introduce a lighted 
candle : the gases burn with a red flame, with a 
copious deposition of lamp black, thereby showing 
that olefiant gas contains carbon. 
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Sulphurous Acid — SO,. 

This acid may be procured in a pure state 
bj boiliug in a retort sulphuric acid with copper 
cuttings : the gas may be received by displacement, 
as in Art. 54. The action is represented by the 
following symbols : — 

2 eq. sulphuric acid + 1 eq. copper 
= 2SOs + Cu 

= SOa + CuO SOs 

= sulphurous acid + sulphate of oxide of 
copper. 

By passing a current of the gas through water, a 
solution of sulphurous acid is obtained. It unites 
with bases, forming sulphites. The gas is used in 
bleaching woollens. 

Sulphuric Add — SOj. 

S9. This valuable acid is made by the manu- 
facturer on a large scale, by burning sulphur in a 
furnace, where nitric acid is, at the same time, 
formed by the decomposition of nitrate of soda by 
means of sulphuric acid : the sulphurous and nitric 
acids pass into a succession of leaden chambers con- 
taining a portion of water, to dissolve the sulphuric 
acid as it is being formed by the nitric acid giving 
up a portion of its oxygen. In the annexed cut a 
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represents the furnace in which the sulphurous and 
nitric acids are formed ; b b the leaden chambers 
containing some water. The sulphur is spread 
over the bottom of the furnace, and the nitre is 
placed in the cup, shown in the cut. The second 
chamber communicates with a high chimney, for 
creating a draught, and also for carrying off the sur- 
plus vapours. 

Sulphuretted Hydrogen, or Hydros ulphuric 

Acid — US. 

60. Preparation, Heat sulphuret of antimony 
in a retort, with 4 or 5 times its weight of hydro- 
chloric acid, and collect the gas over warm water in 
the pneumatic trough ( or by displacement, as in 
Art. 54.). As the bottles are filled with the gas, 
they should be speedily removed and closed. 

The action is represented in the following sym- 
bols: — 

1 eq. sesquisulphuret of antimony + 3 eq. hydro- 
chloric acid 

= SbaSs + 3HC1 
= 3HS + SbaCl, 

=s 3 eq. sulphuretted hydrogen + 1 eq. 
sesquichloride of antimony. 

Experiments. 

1. Invert a jar of this gas ; apply a lighted match : 
the gas burns with a pale blue fiame with the depo- 
sition of sulphur. 

2. Pour a few drops of strong nitric acid into a 
bottle of this gas, and immediately close the mouth 
with the thumb protected by a piece of paper : an 
explosion takes place with the deposition of 
sulphur. 
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3. Generate the gas in a flask fitted 
with a cork and bent tube passing 
into a solution of arsenious acid 
(arsenic of commerce): an orange- 
coloured precipitate is formed of a 
sulphuret of arsenic. Sulphuretted 
hydrogen is much used in this way as 
a test for metals. 

4. Transmit, as in the last experiment^ a current 
of the gas through liquid ammonia : a solution of 
hjdrosulphuret of ammonia is formed. This solu- 
tion is much used as a re-agent. 

Phosphuretted Hydrogen — PHj. 

61< Experiment 1. Put some thin slices of phos- 
phorus into a small retort, and fill it completely 
with a mixture of lime and warm water ; insert the 
beak of the retort in a vessel containing warm 
water; -boil the mixture: bubbles of phosphu- 
retted hydrogen gas are given off, which, escaping 




into the air, ignite spontaneously, and form beau- 
tiful rings of smoke. 
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2. Invert a test-tube filled with water over the 
beak of the retort in which the gas is being formed : 
the tube is soon filled with the gas. Observe that 
the gas is colourless and transparent like common 
air ; cover the mouth of the tube with the forefinger, 
and transfer the gas into a jar of oxygen standing 
on the shelf of the pneumatic trough ; the bubbles 
as they rise into the jar catch fire, giving a splen- 
did flash of light. 

Chlorine — CI. 

62. Preparation. Introduce into a retort hydro- 
chloric acid and black oxide of manganese, so as to 
form a thin paste ; heat the mixture with an Argand 
lamp : chlorine gas is speedily given off, which may 
be recognised by its peculiar colour and suffocating 
odour ; receive the gas over warm water in a small 
pneumatic trough (or by displacement, see Art. 54.). 
The action is represented by the following sym- 
bols : — 

2 eq. hydrochloric acid + 1 eq* oxide of manganese 

= 2HC1 + Mn03 
= CI + MnCl + 2H0 
= 1 eq. chlorine + chloride of man- 
ganese and 2 eq. water. 

JExperiments. 

1. Bepeat Exp. 1., Art. 22. 

2. Let fall powdered antimony into a bottle of 
this gas; the metal ignites spontaneously, and 
forms a beautiful shower of flame. Various other 
metals ignite spontaneously in this gas, and form 
chlorides, 

3. Put a piece of red calico moistened with water 
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into a bottle of chlorine : the colour is speedily 
discharged. 

Hydrochloric Acid — HCl. 

63. To obtain this acid in the gaseous state, 
introduce into a retort common salt and as much 
sulphuric acid as will form a thin paste ; apply the 
flame of an Argand lamp, and receive the gas by 
displacement, as it is highly soluble in water. See 
Art. 54. 

Experiment Place a bottle of this gas 
over a bottle of ammoniacal gas : the gases 
combine and form dense white fumes of 
hydrochlorate of ammonia. 

Liquid hydrochloric acid may be pre- 
pared in considerable quantities by trans- 
mitting a ciu*rent of the gas through water ; 
it may also be made on a small scale, after 
the manner of preparing nitric acid (see 
page 61.), taking care, in this case, to put water 
into the receiver b. 

Cyanogen — Cy, or C,N. 

64. Experiment Introduce a few grains of cy- 





anide of mercury (HgCy) into a test-tube fitted 
with a cork and bent tube ; apply the flame of a 
spirit-lamp : cyanogen gas is given off; ignite the 
gas as it issues from the small tube : it bums with 
a beautiful violet flame. 



J 
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SECTION VI. 

COMPOSITION OF VEGETABLE SUBSTANCES. COMPOUND 
OBGANIC SUBSTANCES IN PLANTS. FERMENTATION. 
rHASTASE. GERMINATION OP PLANTS, STRUC- 
TURE AND FUNCTIONS OP PLANTS. POOD OF 
PLANTS. 

COMPOSITION OP VEGETABLE SUBSTANCES. 

65. When a piece of straw, or any dried vege- 
table substance^ is held in the flame of a candle, the 
greater portion is consumed in the form of gases, 
and only a very small portion, called the ash, is left 
behind. That portion which burns away is called 
the organic part of the plant, and that which re- 
mains, the ash, is called the inorganic part. The 
organic part of plants consists of four elementary 
substances, viz. carbon, oxygen, hydrogen, and a 
small quantity of nitrogen. The inorganic part 
consists of the following earthy substances, viz. 
potassa, soda, lime, silica, magnesia, alumina, oxide 
of iron, oxide of manganese, sulphuric acid, phos- 
phoric acid, and chlorine. Although the ash forms 
a very small part of plants, yet it seems to be as essen- 
tial to their growth and existence as any of the 
elements composing the organic part. The propor- 
tion in which these substances are found varies in 
different plants, and even in different parts of the same 
plant. The following Tables, by Boussingault and 
Johnston, give the composition of the organic as well 
as of the inorganic parts of some of our most valuable 
plants. 

When all moisture has been evaporated, 100 lbs. 

H 
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of each vegetable substance is composed as 
follows : — 



Wheat 


Carbon. 


Oxygen. 


Hydro- 
gen. 


Nitro- 
gen. 


Ash. 




461 


43-4 


5-8 


2-3 


2-4 


100 


Oats - 


60-7 


36-7 


6-4 


2-2 


40 


100 


Peaa - 


46-5 


40-0 


6-2 


4-2 


31 


100 


Potatoes 


44-0 


44-7 


6-8 


1-5 


4-0 


100 


Wheat straw 


48-4 


38-9 


5-3 


0-4 


7-0 


100 


Oat straw - 


60-1 


390 


5-4 


0-4 


5*1 


100 


Pea straw - 


46-8 


35-6 


5-0 


2-3 


11-3 


100 



In 100 lbs. of ash we have the following com- 
position : — 



Potassa 


Wheat 


Oats. 


Barley. 


Wheat 
Straw. 


Oat 

Straw. 


19 


6-0 


12 


0-50 


15 


Soda - - - 


20-5 


60 


12 


075 


trace 


Lime - - - 


8 


3-0 


4-5 


700 


275 


Magnesia 


8 


2-5 


8 


1-00 


0-50 


Alumina 


2 


0-6 


1 


275 


trace 


Oxide of iron 





1-5 


trace 





trace 


Silica - - - 


34 


76-5 


50 


81-00 


80-00 


Sulphuric acid 


4 


1-5 


2-5 


1-00 


1-50 


Phosphoric acid 


3-5 


30 


9 


5-00 


0-25 


Chlorine 


1 


0-5 


1 


1-00 


trace 


100 


100 


100 


100 


100 



66. Hence it appears that different kinds of 
plants must exhaust the soil of different proportions 
^norganic matter: thus, for example, 100 lbs. of the 
^ of wheat carry off 19 lbs. of potassa and 34 lbs. 
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of silica, while that of barley only 12 lbs. of potassa 
and as much as 50 lbs. of silica. Thus it is that 
some land will suit one kind of vegetables and not 
another kind ; and hence it is that two successive 
crops of different kinds of plants may grow on land, 
when two successive crops of the same kind would 
exhaust the soil of some of its most essential consti- 
tuents. It has, however, been found, that when any 
one of the alkalies is absent from the soil, its place 
may be to a certain extent supplied by another 
alkali without injury to the vegetation : thus w^hen 
a soil is deficient in potassa and soda, then lime (an 
alkaline earth) will in some measure supply their 
place in the ash of the plant. 

67. As plants carry off, year after year, certain 
portions of organic as well as inorganic substances 
from the land in which they grow, it becomes ne- 
cessary, in most soils> that these substances should 
be restored to the land in the form of manures. 

COMPOUND ORQANIC SUBSTANCES IN PLANTS. 

68. In the organic part of plants, the four ele- 
ments of which it is composed are found in the plant 
in the form of distinct compounds ; the most abun- 
dant of these are lignine or woody fibre, starch, gum, 
sugar, gluten, and albumen. The first four sub- 
stances are composed of carbon and water only, and 
the two last substances contain nitrogen, in addition 
to carbon, oxygen, and hydrogen. 

The composition of the first four substances is as 
follows : — 

Compotitfon may be represented. 

Lignine - C,j Hg Og 12 eq. carbon and 8 eq. water. 
Starch - C„ H^, 0,o 12 eq. carbon and 10 eq. water. 
Gum - C,j H„ 0„ 12 eq. carbon and 11 eq. water. 

Grape Sugar Cj, Hj, Oi, 12 eq. carbon and 12 eq. water. 

H 2 
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The onlj difference in the composition of these 
compounds is, that they contain different proportions 
of the elements of water. 

Most of vegetable compounds are characterised 
by the following circumstances: — 1. By being 
composed of the same elements ; 2. By the facility 
with which they undergo decomposition ; 3. By the 
facility with which many of them are converted 
into each other, especially when a substance con- 
taining nitrogen is present ; 4. By the impractica- 
bility of forming them by the direct union of their 
elements. 

These distinct compounds, which exist ready 
formed in the vegetable, are called proximate prifi' 
ciples; thus sugar and gum are proximate vegetable 
principles. 

Experiment, Put some wheat flour in a fine 
muslin bag, and knead or work it with your fingers, 
while a small stream of water is poured upon it; 
continue the process until the water ceases to be 
milky : the substance remaining in the bag is a 
grey adhesive matter like birdlime, called gluten; 
allow the milky portion which has been washed 
from the bag, to subside ; decant off the clear 
liquid : the white deposition is called starch ; take 
the clear liquid and boil it : white flakes of albumen 
are formed, a substance very similar in its nature to 
the white of an egg. Gum and sugar are dissolved 
in the water. 

Perform the same process with grated potato: 
in this case, fibrous matter is left in the bag, the 
other portions being the same as in the preceding 
experiment. 

69. Lignine, starch, gum, and sugar, being so 
similar in composition, may readily be converted 
into each other. Thus, for example, starch may be 
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converted into gum by roasting at a temperature 
above that of boiling water ; lignine may be con- 
verted into gum by the action of strong sulphuric 
acid ; and the gum thus formed may be converted 
into sugar by adding water, and boiling the mixture 
for some hours ; and so on to other cases of trans- 
formation. 

JE3cperiments» 

I. Dissolve some starch in boiling water : a thick 
jelly is formed, which after being dried has the ap- 
pearance of glue; this jelly is insoluble in cold 
water, and is rendered blue by the addition of a 
solution of iodine (see Exp. 2., Art. 21.). To the 
thick solution of starch add an infusion of vegetated 
barley of the malting : the starch grows more 
liquid, and in a short time its consistence entirely 
disappears ; evaporate to dryness, and a yellow 
jelly-like mass is obtained, which is now readily 
dissolved by cold water, whereas starch is insoluble 
in cold water. To a solution of this substance add 
a solution of iodine : a red wine colour is produced. 
This yellow substance is a gum called dextrine ; 
it is used in the place of gum-arabic for stiffening 
calico. There is evidently some active agent in the 
vegetating barley, which has produced these changes 
in the starch : this agent has been called dictstase, 

2. Boil some diluted sulphuric acid (one of acid 
to twelve parts of water) in a porcelain dish ; add 
gradually some starch paste : the starch is dissolved ; 
test a portion of the solution by means of a solution 
of iodine : a red wine colour is produced, as in the 
last experiment; continue the boiling for a short 
time longer, and the iodine will cease to produce 
any change of colour. Take the liquid in the cva- 
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porating dish, and add to it powdered chalk until the 
acid is neutralised, and allow the sulphate of lime 
to subside : the clear liquid is sweet, and crystals 
of sugar may be obtained by evaporating a portion 
of the water by a slow heat. In this process no gas 
is given off, and the acid suffers no change. The 
only difference in the composition of starch and 
sugar is, that the latter contains more of the ele- 
ments of water than the former. 

Berzelius designates this peculiar action exerted 
by the sulphuric acid in converting starch into 
sugar the catalytic for ce^ or the force of catalysis, 

70. Fermentation, This term is used generally 
to express those changes that are spontaneously 
effected in organic substances by the re-action of 
their elements. Thus, when a solution of grape 
sugar, to which ferment or common yeast has been 
added, is kept for some time at a moderate heat, the 
mixture froths up, in consequence of the escape of 
carbonic acid gas, the sweet taste of the solution 
gradually disappears, and when the fermentation 
has ceased, spirit or alcohol is found in the water. 
This spirit is given off in a concentrated form by eva- 
poration at a temperature below that of boiling water. 
Alcohol (04X1^02) contains less oxygen and carbon 
than sugar ; hence the escape of carbonic acid in 
order to change the sugar into alcohol. Thus sugar, 
or Ci2Hi20i2> becomes 2C4H602> or 2 eq. alcohol 
and 4CO2, or 4 eq. carbonic acid. Yeast, as well 
as all substances which have the property of t«- 
ducing or exciting fermentation, contains nitrogen, 
in addition to carbon, oxygen, and hydrogen. 

71. When a mixture of diluted spirit and yeast 
is exposed to the air, oxygen is absorbed, and acetic 
add or vinegar is formed. The composition of dry 
acetic acid is C4H3O,; that is, it may be repre- 
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sented by 4 eq. carbon and 3 eq. water. Hence 
the action may be represented as follows : — 

1 eq. alcohol + 4 eq. oxygen = C4HeOg + 04 

= C,H303+3HO, 
or 1 eq. acetic acid + 3 eq. water. 

In both of these cases of fermentation the yeast 
merely acts as a stimulating agent. 

72. Besides the proximate vegetable principles 
already enumerated, there are several vegetable 
acids, oils, fatty matters, and the peculiar substance 
called diastase, which produces an important action 
in relation to the growth of plants. 

Vegetable acids. The most common vegetable 
acids are, acetic acid (vinegar), malic acid (the 
acid of apples), oxalic acid (from common sorrel), 
tartaric acid (in grapes), citric acid (the acid of 
lemons). 

GEBMINATION. DIASTASE. 

73> When a seed is planted it begins to sprout, 
that is, it shoots a sprout upwards into the air, and 
sends a root downwards into the soil. At this stage 
of the life of the young plant it must live upon the 
starch and gluten contained in the seed alone. In 
order to render these substances soluble in water, 
and thereby available for the food of the plant, 
there is formed out of the gluten, at the base of the 
germ, the peculiar substance called diastase. This 
substance renders the starch soluble in the sap, and 
it is thus conveyed to the shoot and root of the 
young plant. The starch in this state of solution 
becomes sugar. As the plant advances in its growth 
it begins to have leaves, and at this stage the sugar 
is changed into woody fibre, which forms the stem. 
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By the time the starch and gluten are exhausted 
from tlie seed, the plant has acquired all the func- 
tions necessary for taking up food from the air and 
the soil. A similar process takes place in the 
formation of malt, where the germination of the 
barley is stopped when the sugar is formed. 

STBUOTUBE AND FUNCTIONS OP PLANTS. FOOD OF 

PLANTS. 

74. A complete plant has three parts which are 
essential to its growth : a root, which throws out 
fibres into the soil ; a trunk or stem, which rises 
into the air ; and leaves, which present an extended 
surface to the action of the air. Each of these three 
parts performs peculiar functions or offices in the 
growth of the plant. 

1. The trunk or stem consists of three parts : in 
the centre is the pitk^ next the pith is the woody and 
the bark incloses the whole. 

The pith consists of very small horizontal tubes ; 
the wood and inner bark are made up of longitu- 
dinal tubes connected together for conveying the 
sap between the roots and leaves ; the vessels in 
the wood convey the sap from the roots to the leaves, 
and the vessels in the inner bark convey the sap 
from the leaves to the roots : thus in a growing plant 
there are currents of sap continually ascending and 
descending.* 

2. The root on leaving the stem has the same 
structure as the trunk; but the finely-extended ten- 
drils consist of one white uniform spongy mass, for 
the purpose of absorbing liquid food from the soiL 

* The ascent of the sap probably, in some measure, depends 
on the principle of endosmose and exosmose. (See page 29. of 
the Trea'tise on Hydrostatics.) 
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3. The leaf consists of fibres, which are conti- 
nuations of the wood, together with the green por- 
tion, which is a continuation of the bark. The 
under part of the leaf is full of pores, which com- 
municate with the hollow tubes of the inner bark.* 
Xt has already been explained (Exp. 6., Art. 15., 
and Art. 18.) that in the day-time the leaves are 
continually absorbing carbonic acid gas from the 
air, and throwing off oxygen : thus carbonic acid is 
decomposed by the plant — the carbon is retained as 
food, while the oxygen is rejected. The reverse of 
tbis process is going on at night, but so slowly as 
scarcely to interfere with the general effect. Car- 
Iconic acid also enters the plant through the roots. 
Some suppose that carbon enters the plant by the 
roots in the form oiulmic acid,^ substance composed 
of carbon and water only. 

75. The elements composing the organic part of 
plants are always absorbed in a state of combi- 
nation, and the substances forming the inorganic 
part must be in a state of solution, in order to be 
sacked in by the roots. The food of plants must 
contain the various elements which enter into their 
composition. In general, the substances which 
afford this food, are carbonic acid, water, and am- 
monia, derived from the air as well as the soil ; and 
certain saline and earthy substances, derived ex- 
clusively from the soil. Light and heat (and pro- 
bably electricity) stimulate the functions of plants, 
and are absolutely necessary to their growth and 
full development. Light is also essential to the 
formation of the colouring matter in plants. 

It will now be easy to see how the plant should 

* For a full description of all the parts and fimctions of 
plants, see Balfour's ** Botany." 
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form woody fibre, starch, sugar, gum, or vinegar, 
all of which subsfances consist of carbon and water 
only, united in different proportions. Ammonia and 
nitric acid supply the plant with nitrogen. 



SECTION VII. 

SOILS. THEIB COMPOSITION, ORGANIC AND INOR- 
GANIC PARTS. SALINE AND EARTHY PARTS. 
PHYSICAL CHARACTER OP SOILS. TO SEPARATE 
THE SAND FROM THE CLAY, TO DETERMINE 
THE QUANTITY OP LIME, OP ORGANIC MATTER, 
AND OP SALINE MATTER, IN A SOIL. ORIGIN OP 
SOn.S. MECHANICAL PROPERTIES OP SOILS. CHE- 
MICAL PROPERTIES OP SOILS. 

COMPOSITION OP SOILS. 

76. Soils, like plants, are composed of organic as 
well as of inorganic matter. 

The ORGANIC PART OP SOILS is chiefly derived 
from the remains of vegetable and animal sub- 
stances. Peaty soils contain a large proportion of 
organic matter, while good wheat lands contain only 
about one-twentieth of their whole weight. This 
organic matter in the soil has been called humus, 
which, by the action of alkaline substances, is re- 
solved into ulmic and humic acids. As the vege- 
table matter undergoes decay, this organic portion 
of the soil also gives to the land the various inor- 
ganic substances found in its ash. 

77- The INORGANIC part op SOILS consists of 
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certain saline soluble substances, and of certain 
earthy insoluble substances. 

1. The saline soluble substances consist,in general, 
of common salt, sulphates of soda and magnesia, 
gypsum, with small portions of the nitrates of 
potassa, soda, and lime, and of the chlorides of cal- 
cium, magnesium, and potassium, together with 
ammoniacal salts. From these soluble compounds 
the plant obtains nearly all the saline matter con- 
tained in its ash. The rain dissolves these saline 
substances, and carries them into the subsoil ; but 
in dry warm weather, they reascend to the surface, 
and are thus brought in contact with the roots of 
the growing plant. Thus fine warm weather acce- 
lerates the ripening of corn and other valuable grain. 

2. The earthly insoluble substances in the soils 
never constitute less than nine-tenths of their whole 
weight. The principal ingredients of this earthy 
matter are silica in the form of sand, alumina, 
mixed with sand, in the form of clay, and carbonate 
of lime. Where the soil has a red colour^ the oscide 
of iron is generally present. Minute traces of 
phosphate of lime may also be detected in most of 
good soils. 

PHYSICAL CHARACTER OP SOILS. 

78. The relative proportions of sand, clay, and lime 
in a soil give it a peculiar physical character. When 
a soil contains only a small proportion of clay, it is 
called a sandy soil; when the quantities of sand and 
clay are nearly equal, it is called a loamy soil, or 
clay loam, according as the quantity of sand is 
greater or less than the clay; when the clay is 
much in excess, it is called clay loam, or strong 
clay, as the case may be. Good arable land rarely 
contains more than one-third part of its weight of 
clay. 
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79. To separate the sand from the clay in a soil. 
Take about half aa ounce of soil, and boil it in 
about half a pint of water, in a porcelain dish, until 
it is completely diffused through the water ; after 
shaking let the mixture stand for a minute, to allow 
the sand to settle to the bottom of the vessel, while 
the clay remains suspended in the fluid ; pour off 
the water with the floating clay into another vessel, 
and allow the clay now to settle. The sandy portion 
of the soil will be found in the first vesssl, and the 
clayey portion at the bottom of the second. The 
sand and clay may now be dried and weighed sepa- 
rately, and the relative weights will give the pro- 
portion in which they subsist in the soil. 

80. If a soil contains more than one-twentieth of 
its weight of carbonate of lime, it is called marl; 
and if more than one-flfth, it is called calcareous 
soil. 

To determine the quantity of lime in a soxL Take 
100 grains of the soil (which has been previously 
heated to redness, to destroy the vegetable matter) 
and diffuse it through about half a pint of distilled 
water; add about an ounce of hydrochloric acid, 
and allow the mixture to stand for a few hours, 
observing to stir it time after time. Bubbles of 
carbonic acid are given off. After the action has 
ceased, pour off the clear liquid ; dry and then heat 
the residue to redness, and weigh it : the loss is 
nearly the weight of lime and carbonate of lime in 
the soil. 

81. To determine the quantity of organic matter. 
Dry about an ounce of the soil on paper in an oven, 
at a heat which does not char the paper; burn 
about 200 grains of this dry soil : the loss is nearly 
the weight of the organic matter contained in it 

82. To determine the quantity of saline matter. 
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"Take 2 lbs. of dry soil, and boil it in about a quart 
of distilled water ; after allowing the solid matter 
to subside, pour off the clear liquid, and evaporate 
to dryness at a moderate heat ; weigh the residue, 
and it will give the quantity of soluble saline matter 
in the soil. In a good soil this saline matter may 
weigh, upon an average, about 20 grains. 

ORIGIN OP SOILS. 

83- Soils owe their origin to the disintegration 
or gradual crumbing down of rocks, by the action 
of water, frost, air, and various chemical agents. 
Hence soils, in general, derive their peculiar cha- 
racter from the geological strata upon which they 
lie, or from the nature of the rocks in the adjacent 
hiUs or mountains. 

MECHANICAL PROPERTIES OP SOILS. 

84. Sandy and marly soils are heavy, while 
peaty soils are light. Strong clays and peaty 
soils absorb and retain moisture; hence they 
are damp and cold; hence, especially, the neces- 
sity for draining such soils. Sandy soils neither 
absorb nor retain much moisture; hence such 
soils become scorched with the heat of sum- 
mer, and the plants growing upon them are burned 
up. In rainy seasons, however, sandy soils fre- 
quently sustain a luxuriant vegetation, while the 
plants upon a clayey land almost perish from the 
excess of moisture. 

85. Heat causes clay and peat to contract ; in 
doing so, the soil compresses the roots of the plants, 
and prevents the access of air, and thus the growth 
of the plant is retarded. 

86. The absorbent power of clay is useful in a 
soil, for during the hot and dry season of the year, 

I 
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in the cool period of the night, the day absorbs the 
dew that falls upon it, and retains the moisture 
with great tenacity. 

87- In order that plants may come to perfection, 
it is necessary that the soil on which they grow 
should attain a certain degree of warmth. Damp 
lands are cold, for the continual evaporation of the 
moisture carries off the heat of the sun ; hence the 
necessity of drainage. 

88. These observations show the value of a due 
admixture of clay and sand in order to form a mix- 
ture having all the mechanical qualities of a fertile 
soil, where the earthy constituents are so adjusted 
that ^* the loose and porous qualities of the one are 
corrected by the plastic and retentive qualities of 
the other.'* It is a remarkable fact, that a mixture 
of alumina, silica, and lime, absorb gaseous matter 
as well as moisture, better than any of these earths 
taken by itself. 

CHEMICAL PBOPERTIES OF SOILS. 

89. Soils not only sustain a plant in an erect 
position and afford it food, but they are the medium 
in which various chemical actions are gradually 
and constantly going on, in the preparation of dif- 
ferent substances essential to the growth of plants. 
Thus lime is constantly decomposing vegetable and 
animal matter in the soil, and thereby preparing 
food for the plant. Thus organic substances in the 
soil aid in absorbing ammonia and carbonic acid 
from the air. Thus little grains of alkaline silicates 
are gradually reduced to powder, and in this state 
water dissolves the alkaline matter. (See Exp. 1., 
Art. 28.) 

90. A fertile soil should not only contain all the 
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elements essential to the growth of a plant, but they 
should exist in a due proportion. A deficiency of 
one substance, or an excess of another, may equally 
contribute to deteriorate the quality of the land. 
Hence the utility of artificial applications to land, 
whereby the farmer is enabled to supply what may 
be deficient, or in some degree to neutralise the 
influence of what may be in excess. The following 
analyses of three different soils, by Dr. Sprenge^ 
afiford a striking illustration of these remarks. 

1000 parts of each soil contained as follows : — 

No. 1. No. 2. No. 3. 

Fine earthy and organic matter 937 839 599 

Silicious sand - - 45 160 400 

Saline soluble matter - - 18 1 i 
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No. 1. is a highly fertile soil, whicli had grown 
corn and pulse crops without the application of any 
manure. This soil seems to contain all the essential 
constituents of plants. No. 2 . is a fertile soil which 
required to be manured with gypsum. The analysis 
indicates a deficiency of soluble saline matter, 
with only traces of potassa, soda, and sulphuric 
and other adds. No. 3. is a barren soil; it is 
deficient in organic matter ; potassa, soda, &-€• are 
almost wanting ; lime, oxide of iron, and silica 
seem to be largely in excess. In order to render 
this soil productive, it would require, not only to 
have added those substances which are absent, but 
some other substances which would tend to neu- 
tralise the matters in excess. 



SECTION VUL 

IMPROTEMEKT OF SOILS. MECHANICAL OPERATIONS : 
DRAINING, PLOUGHINa, ETC. MANURING: VEGE- 
TABLE, ANIMAL, AND MINERAL MANURES. SPE- 

^ CIAL MANURES. ROTATION OP CROPS. FALLOW- 

' ING. IRRIGATION. 

IMPROVEMENT OF SOILS. 

91. Land may be improved by working it, that is, 
by mechanicfd operations, such as draining, plough- 
ing, &c. ; or by improving the quality of the soil 
by the application of manures. 

MECHANICAL MEANS OF IMPROVING LAND. 

9a. Draining, It has already been shown (Art. 
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.) that damp lands are cold and unproductive* 
The first consideration, therefore, with the farmer 
in reference to such soils is to have all redundant 
moisture carried off by means of drains. The ad- 
vantages of drainage are further shown by the 
following circumstances. When there is too much 
water in a soil, the food of the plant is either 
washed down to the subsoil, or it enters the roots in 
a very diluted state. When a soil has been drained 
and ploughed^ it is no longer close and adhesive, 
but permits the air to penetrate through it, and 
tlie roots to extend themselves in all directions. 
Moreover, a more healthful decomposition of the 
organic matter goes on in dry soils than in damp 
ones. 

There are few soils which may not be benefited 
by drainage. It is especially beneficial to damp 
clay and peaty soils. When the soil is a clay with 
sand or gravel for the subsoil, it will be sufficient 
if the surface is drained: but when the soil is 
sandy, with clay for the subsoil, the drain should 
go down into the subsoil, otherwise the land will 
be damp and cold. To prevent the soil being 
washed away, the fall of drains should be gentle. 
Land should always be drained some time before 
ploughing. Drain pipes made of porous burnt clay 
fitting into each other are now generally adopted 
for agricultural purposes. 

93. Ploughing in general, especially combined 
with drainage, allows water, air, and other gases to 
come in contact with the roots of the plants, destroys 
unhealthful acidity in the soil, and promotes the 
decomposition of vegetable matter. 

94. Subsoil and deep-ploughing especially bring 
new mineral manure, such as lime, to the surface. 
Agriculturists consider that the subsoil plough 
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should not be used until after the land has been 
drained for one year. The reason of this must- be 
obvious : damp soils are merely cut by the plough, 
whereas dry soils are broken to powder when a 
heavy plough passes through them. 

MAKURIKG AS A MEANS OF IMPROVING SOILS. 

95. Manures are divided into three classes ; viz. 
vegetable manures, animal manures, and mineral 
manures. 

VEGETABLE MANUBES. 

96. These manures serve to open the pores of 
the land, and to supply organic as well as inorganic 
food to plants. Vegetable matter may be used as 
a manure either in the green state or in the diy 
state. 

Green manures. When green vegetable sub- 
stances are put into the soil, they undergo a rapid 
decay, yielding a speedy supply of food to the 
growing plant ; on the contrary, dry manures decay 
more slowly, but act more permanently upon the 
land. The cleanings of ditches, hedge-sides, &c, 
turnip and potato tops, mixed with earth, and 
formed into a compost heap^ constitute an enriching 
application to the soil. In some parts of this 
country turnip seed is 6own at the close of harvest, 
and at the end of two months the green crop is 
ploughed into the land. Sea-weeds form a valuable 
green manure. 

97- Dry manures. Dry vegetable substances^ 
such as straw, saw-dust^ &c., decay very slowly ; it 
is desirable, therefore, before applying such sob- 
stances to the land, that they should be mixed with 
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some matter which tends to promote fermentation. 

Xlie droppings of cattle, urine, or animal substances 

of any kind, are used for this purpose. Saw-dust 

mixed with soil and common weeds, laid up in a 

compost heap, and time after time watered with the 

liquid manure of the farm-yard, is converted into a 

vsduable vegetable mould. If the fermentation be 

not carried beyond a certain point, this compost 

exercises a gradual and prolonged action on the 

growing plants ; on the contrary, if it be laid on the 

land when in a complete state of fermentation, the 

action is immediate ; hence the application of the 

latter kind of manures to turnips and other crops 

-which require to be brought into a condition of 

rapid growth. Charcoal-powder, malt-dusty bran, 

rape-dtut, soot, tanner's bark, &c., are the most 

common dry manures in use. 

ANIMAL MANUBES. 

98. Animal manures are the most energetic in 
their action, in consequence of the nitrogen they 
contain, which exists in them in the form of am- 
moniacal salts : these salts are amongst the most 
powerful agents in promoting vegetation. The 
value of guano as an application to the soil depends 
chiefly on the quantity of ammonia which it con- 
tains. Urine also owes its efficacy to the large 
quantity of the salts of ammonia in its composition. 
According to Liebig, the air immediately in contact 
with the soil contains small portions of ammonia, 
which is being continually absorbed by the soil. 
The soluble portion of manures is most valuable, 
in consequence of the volatile substances which it 
contains ; and hence the intelligence and industry 
of a farmer is shown by the care he takes of his 
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dung-heap and liquid manure. The urine of 
the cattle should be collected into a tank sunk in 
the ground, and covered over to prevent the rain* 
water from mixing with it. In warm weather the 
mixed manure heap, or compost heap, should be 
watered, and a free current of air allowed to pass 
over it, iu order to check, in some degree, the pro- 
cess of fermentation, which causes the carbonate of 
ammonia to escape into the air. In order still 
further to secure the volatile matters, the heap 
should be covered over with a layer of soil, or, in 
other cases, with the sulphate of lime ; these earths 
absorb and fix the vapours, and are thus converted 
into valuable applications to land. Quicklime 
should never be put into the compost heap, for it 
decomposes the salts of ammonia, and thus the most 
valuable portion of the manure would be dissipated 
into the atmosphere. As there is always a loss 
during fermentation, the judgment of the farmer 
must be exercised as to the proper time for laying 
the fermenting manure upon his land: this time 
must, in some degree, depend upon the nature of 
the soil and crops to be reared. To cold soils, for 
example, fully fermented manure is most valuable, 
as it tends to warm the soil, and to stimulate the 
growth of the plant. 

99. Boussingault gives the following analysia of 
an average farm-yard manure :— 

In 100 parts of the manure we have 

Carbon - - - - 7*41 

Oxygen - - - - 5*34 

Hydrogen- . - - 0'87 

Nitrogen - - - - 0*41 

Salts and earthy substances - 6*67 

Water - - - . 79.30 

100-00 
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lOO. Bones not only contain animal matter, but 
also a large quantity of earthy substances ; hence 
tbe value of this substance as a manure. The com- 
position of the bones of the cow is as follows :— - 

Phosphate of lime - - - 55^ 

Phosphate of magnesia - - 3 

Soda and common salt - * ^i 

Carhonate of lime - » - Sf 

Fluoride of calcium - - 1 

Gelatine - - - - 33J 

100 

Bones are used in the form of bone-dust and 
broken bones ; the former is more immediate in its 
effect, the latter more permanent. Bones are most 
beneficially applied to turnip crops. 

101. Blood and muscle^ forming the refuse in 
the butcher's heap, mixed with marl and other 
earthy substances, have been found to be a powerful 
manure. Horny haivy and wool are used in a similar 
manner 

102. Animal excrements. Horse-dung is more 
valuable than cow-dung, in consequence of the cow 
discharging more urine than the horse, which car- 
ries off soluble organic matter. The horse-dung is 
a hot manure, while cow- dung is cold. The horse - 
dung, as already shown, is chiefly used for bringing 
other manures into a state of fermentation. The 
dung of pigs, like that of the cow, is soft and cold. 

103. Nightsoil is considered to be one of the 
most powerful of all solid animal manures. 

104. Pigeon^ dung. The dung of birds is a very 
active manure ; it unites the qualities of the liquid 
as well as of the solid excrements of other animals: 
it is usually applied with a mixture of coal ashes. 

105. Guano is chiefly the excrement of sea-fowl ; 
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it has been found in vast quantities on the rocky 
parts of the coast of Peru, and at Ichaboe^ an island 
on the west coast of Africa. This manure has been 
brought to this country, and sold for 9s. to 12s, a 
cwt. It has been successfully applied to crops of 
turnips, potatoes, oats, barley, &c It is applied in 
different proportions, varying from 1 to 4 cwts. per 
acre. When applied to the land, it is mixed with 
fine dry sand, or with gypsum. Probably no ma- 
nure contains so many of the ingredients necessary 
to the growth of plants as guano. The following 
analysis of African guano w;as made by the late Dr. 
Fownes : — 

Oxalate of ammonia, uric acid, traces of car- 
bonate of ammonia, and animal matter - 66*2 
Phosphate of lime and magnesia - - 29*2 
Phosphates and chlorides of alkalies- - 4*6 

1000 

lOBm Urine is rich in various compounds of am- 
monia ; it should be applied in a fresh state, for 
when it putrefies a considerable loss of urea takes 
place. It may be thrown over the land by means 
of a water-cart. When sulphuric acid is added to 
urine it combines with and fixes the ammonia : by 
evaporation a dry powder is obtained, which is 
called sulphated urine ; this is said to form a valu- 
able artificial manure. 

MINEBAL MANURES. 

107- Zt'me, shelJrsandy and marl. Lime is the 

most important of all the mineral applications to 

land. It serves a mechanical purpose by giving a 

proper consistency to soils, and it acts chemically 

by decomposing various organic substances, at the 
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same time absorbing and fixing their gaseous pro- 
clucts, and rendering vegetable as well as mineral 
substances soluble which were not so before.* Mr. 
IMIofTat, in an able paper (published in the ^^ Journal 
of the Northumberland Agricultural Society " for 
-the year 1849), adduces the following experiment 
t:o illustrate the mode in which lime acts on the 
©oil: — 

Experiment. " Take some saw-dust, or any 
fibrous matter, and boil it in water so as to extract 
all its soluble matter; wash it well with cold water, 
and strain, so as to leave it only in a moist state ; 
then add to it one-fifth part of caustic lime^ and 
close the mixture up in a bottle for two or three 
months. After this period you will find the lime 
to have assumed a brownish colour, effervescent 
■when vinegar is poured upon it, which indicates the 
presence of carbonic acid ; and when water is again 
boiled with the mass, it will gain a fawn colour, 
and by evaporation leave a fawn-coloured powder, 
consisting of lime combined with vegetable extract. 
The saw-dust previous to the action of the lime 
was perfectly insoluble in water ; it is now con- 
verted into a brownish powder, which dissolves in 
large quantity in water. Now this is precisely an 
example of the change produced by the action of 
lime in a caustic state upon the insoluble fibrous 
matters of the soil." Mr. Moffat further observes : 
— *^ Caustic lime decomposes all the salts and com- 
binations of ammonia, combining with their acids 

* Insoluble compounds of silica and potassa exist in many 
of our rocks: now when these earths are crushed and mixed 
with lime and water, it has been found that, after a certain 
time, the silica and potassa are converted into a soluble 
form. No doubt these changes take place, to a limited ex- 
tent, in the soil* 
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by reason of its stronger alkaline affinity, and dis- 
sipating the ammonia into the atmosphere ; hence 
lime should never be applied with guano, nor farm- 
yard dung, as a great portion of the nutritive 
quality of these manures resides in the salts of 
ammonia they contain." When vegetable matter 
abounds in a soil, a considerable portion of lime 
may be used to promote the decomposition. StifiP 
clay lands, after draining, should be well limed ; on 
the contrary, light lands, where there is neither 
much moisture nor vegetable matter, do not require 
such a quantity. Striking effects are produced by 
a due application of lime to pasture and arable 
lands. 

The effects of lime gradually disappear, and after 
a few years the land returns to its original state, 
unless fresh lime be added. 

Lime is removed from the soil, — ^first, by sinking 
through the loose soil ; secondly, by rains which 
wash it away ; and thirdly, by the crops carrying 
off certain portions of lime in the form of the car- 
bonate. 

108. Marl and shell^sand, besides other ferti- 
lising matters, contain a large quantity of carbonate 
of lime ; their action upon land is similar to that of 
mild lime. Sulphuret of iron (iron pyrites) is 
found in some soils. This insoluble substance has 
no chemical action, but when it has been for a 
length of time exposed to the action of the air, it 
absorbs oxygen, and is converted into sulphate of 
iron (green vitriol), which is highly soluble, and 
injurious to plants. Now the addition of carbonate 
of lime decomposes this salt, forming sulphate of 
lime and the inert oxide of iron, with the escape of 
carbonic acid gas. 

109' Sulphate of lime may be used with advan- 
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tage for all kinds of crops, but it is especially ap*- 
plicable to clover, pea, and bean crops. The sul- 
phates generally supply sulphur to plants. 

110. Sulphate of magnesia, as a top dressing, has 
been applied with great benefit to young wheat. 

111. Sulphate of soda (Glauber salts) has been 
beneficially used for turnip crops ; and, mixed with 
nitrate of 8od% it has given abundant crops of pota- 
toes. 

112. Chloride of sodium (common salt) has gene- 
rally a fertilising influence on high or sheltered 
lands situated at a distance from the sea. 

113. Kelp (the ash of sea-weeds) and wood-ash 
are well known to have a beneficial action on all 
kinds of soils. 

114. Chloride of potassium (the residue of the 
nitre refiners) is sometimes used as a dressing for 
grass-land. 

115. Nitrates ofpotassa and soda. These have 
been found especially beneficial to young plants. 
The nitric acid which they contain supplies nitrogen 
to the vegetable, and the potassa and soda arc 
equally fertilising; applied at the rate of about 
1 cwt. per acre, they promote the growth of young 
com and grass. 

116. Gas-liquor contains a large quantity of am- 
monia ; it therefore forms, when diluted with five 
or six times its weight of water, a superior manure 
for grass-lands or crops generally. Sulphuric acid, 
or gypsum, is sometimes added, to fix the ammonia 
in the gas-liquor. 

117. Special manures. As plants differ in their 
composition, so different plants evince a predilection 
for different kinds of food. Ammonia, nitrate of 
soda, and lime, promote the growth of all plants. 
Lime, especially in well drained soils, tends to bring 

K 
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the fruit or seeds of plants to perfection, and thus 
to bring in an early harvest. Gjpstun promotes 
the growth of red clover, and phosphate of mag- 
nesia has a similar effect upon potatoes ; and so on 
to other cases. 

The specific action of particular manures on 
the growth of certain plants is a remarkable and 
interesting fact. Even certain manures promote 
the development of particular parts of the plant ; 
thus, for example, manganese added to the soil im- 
proves the flowers of the rose bush. 

118. Mixed saline manures, A mixture of lime 
and common salt is recommended as an excellent 
manure. A mixture of sulphate and nitrate of soda, 
as a top dressing, has been found to produce re- 
markable effects on the growth of potatoes ; and so 
on to other cases. It appears that the application of 
mixed saline substances is calculated to produce 
more beneficial results than when these substances 
are used alone. Hence it is that guano (which con- 
tains several saline substances) is found to act so 
beneficiallj on almost every kind of crops. 

EOTATION OP CHOPS. 

119- The composition of soils should have a 
relation to the kind of plants which thej are in- 
tended to grow. It is well known to botanists that 
certain species of plants grow naturally on soils of 
a particular formation; thus, mare's-tail grows 
abundantly on the margin of rivers where silica 
abounds. When a particular species of plant has 
been grown for a length of time on a soil, that soil 
becomes exhausted of the inorganic matter adapted 
to the growth of that particular plant. Now differ- 
ent plants extract from soils different proportions of 

\ 

\ 
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tlie inorganic matter contained in them. (See Art. 
66') Hence a succession of crops of different 
vegetables may be raised upon the same soil, when 
two successive crops of the same vegetable could 
scarcely be reared. Thus barley grows well after a 
crop of turnips ; oats after a crop of grass ; wheat 
after crops of beans and potatoes. The following is 
a specimen of a six years' rotation of crops * : — 

1. Wheat; 2. Turnips; 3. Barley; 4. Seeds; 
o. Oats; 6. Potatoes. 

The following general rule should be observed in 
the choice of the rotation of crops : viz. " plants 
which require chiefly the same kind of food should 
not be grown in succession ; " thus plants which 
are grown for their roots, grow best after those 
which are grown for their seeds. 

Clover adds fertility to the soil, and hence an 
abundant crop of corn may be obtained after a crop 
of clover. In this way the use of clover has to a 
great extent superseded the system of fallowing. 

120. Fallow, When land has been exhausted 
by a succession of crops, its exhausted resources 
are resuscitated by manuring, and allowing it to lie 
dormant, exposing it at the same time (by plough- 
ing, &c.) to the action of the air and moisture. 

121. Irrigation. When water is allowed to 
remain on land, it is injurious to vegetation ; but 
the occasional flow of water over the surface of 
lands, as in our irrigated meadows, carries with it 
various fertilising substances. 

♦ Antisell's "Chemistry.*' 
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List of Chemicals and Apparatus adapted to 
the expebiments contained in this treatise. 
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»» 



9f 



»» 



List of Chemicals. 



Acid, Arsenions . . . 

Hydrochloric - - - 

Nitric - - - - 

Oxalic - - - - 

Sulphuric - - - 

„ Tartaric . « - 

Alum . - . - 

Ammouia, Liquid, concentrated 

Carbonate - - - 
Hjdrochlorate 

Oxalate - - - 

Antimony, Metallic . . - 

„ Sulphuret - - - 

Barium, Chloride - - - 

Baryta, Nitrate - - - 

Camphor - - - - 
Clay, Stourbridge or Pipe, for luting - 

Copper Leaf - - - 

„ Nitrate - . . 

„ Sulphate . . . 

Distilled Water - - per 

Gold Leaf - . . 
Iodine - 

Iron, Sulphate - - . 

„ Sulphuret - - _ 

Lead, Acetate . . . 

„ Oxide, Litharge 

Lime, Hydrochlorate - - - 

Litmus . . . . 

Magnesia, Sulphate . . . 
Manganese, Black Oxide, in powder - 

Mercury - - . . 

„ Chloride (corrosive sublimate)* 
•>/ deo-^ Nitrate 

pnorus - - . _ 
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oz. 





3 


lb. 





3 
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1 
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3 
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lb. 
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lb. 







lb. 







oz. 







lb. 




6 


lb. 







oz. 





2 


oz. 
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oz. 





8 


lb. 





2 


book 





3 


oz. 





3 


lb. 





6 


gall. 





6 


book 


1 


9 


oz. 


2 





oz. 





3 


lb. 
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lb. 





9 


lb. 





6 


oz. 





3 


oz. 
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lb. 
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lb. 





3 


. lb. 


5 


6 


oz. 





6 


oz. 


1 





oz. 
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LIST OP APPARATUS. 
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Flatinnm, Wire and Sheet 
Potassa, fused in pipes 

Carbonate 

Chlorate 

Bichromate 

Nitrate 

Prussiate 
Potassium - - - 

Silver, Nitrate, Crystals 
Soda, Carbonate 
„ Sulphate 
Spirit, Pyroligneous, for spirit-lamp 
Sulphur, Sublimed 
TinPoU 
Tincture, Galls 
litmus 
Bed Cabbage 



n 



99 





8 


d. 


drachm 





5 


- oz. 





6 


- lb. 





9 


- oz. 





4 


- oz. 





2 


. lb. 





8 


- oz. 





3 


grain 





1 


drachm 





8 


. lb. 





3 


. lb. 





6 


pint 


1 


6 


- lb. 





3 


- oz. 





3 


- oz. 





4 


- oz. 





6 


- oz. 





6 



List of Apparatus, 

Bladders, plain, 6dl each ; mounted, Is, 6dL 
Cork Borers, set of five, 2s, 6d, 
Crucibles, fire-clay, 4d, a dozen. 
Eyaporating Basins, from 6d, to 2s, each. 
Filtering Paper, from l8,6d. to 2s, per quire. 
I'lasks, from Qd, upwards. 

„ with tubes for making gases, from Is, 
iFumace Iron, with chimney, 6s, 

„ „ with sand-bath, &c. 30«. 

„ Chauffers, 2s, 6d, each. 
Funnels, glass, from 6d. to 2s. each. 
Gas Jars, plain, Is. each. 

„ stopped. Is, 6d. each. 
„ capped, 2s. each. 
Gas-holder, small, 12. 2s, 
The Author's Gas-holder, with Oxy-hydrogen Blowpipe, 

His. 
Ladles, Iron, for supporting ignited Phosphorus, &c., Qd, each. 
Lamps, Spirit, 6d. each. 

„ Argand, oil, with chimney, Ss. 6d. 



102 EXPERIMENTAL OHEIOSTBT. 

Mortar and Pestle, Wedgewood, 2s, 
Pneumatic Trongh, 7 s. to 10«. 
Test or Precipitating Glasses, 6 J. each. 
Betort Stands, iron, three rings, 2s. 6dL each. 
Betorts, glass, from 9d, to 2s. 6d, each. 
Betort, iron, for making oxygen, lOs, 
Beceiyers, glass, Sd. to Is. 6d. each. 
Scales and Weights, from 28. 6(L to 4s. 
Stirring Bods, glass l«. 6d. per dozen. 
Stop-cocks, hrass, 2s. 6d. each. 

„ jets, lOd each. 

„ connectors, lOd, each. 
Test-tabesy 8c per dozen. 



THE END« 
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NEW SERIES OF ELEMENTARY SCHOOL BOOKS : 

EACH BOOK (in MOST INSTAKCES) COMPLETE IN ITSELT. 

Price ONE SHILLING. 

INTENDED TO COMPRISE A COMPLETE COUBSB OF ELEMENTABY 

EDUCATION. 

Projected and Edited 

By the Rev. G. B. GLEIG, M.A. 
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ASSISTED BT EMINENT SCHOLARS AND TEACHERS. 



The object of the School Series here offered to the Public 
is to produce 'a succession of little books, each complete in 
itself, and containing lessons suitable to the capacities of 
every description of learners. Thus, after making himself 
familiar with the shapes of letters, the pupil is taught, in My 
First School Book to Teach me Beading and Writing^ how 
the nnion of two or more letters produces an articulate 
word ; how articulate sounds awaken images in the mind ; 
how numbers are represented as weU by figures as by 
letters ; and how the printed and written characters of the 
English language correspond one with another. This done, 
he learns, in Simple Truths^ to connect words of one syllable 
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with graye ideas, and so to exercise the faculties which it is 
the- object of all edacation to strengthen without overs t rain- 
ing. His next step is to My Second School Book, which con- 
tains a vast amount of information on ** Common Things,* 
Bystematicallj arranged; and he then proceeds to 77^ First 
Book of History, in which he finds set forth, in words ad- 
Tancing from one syllable to four, an outline of the annals of 
his native country. When he shall have fairlj gone through 
these, all the drudgery of learning how to read may be 
assumed to be overcome ; and his next lessons aim at storing 
his mind with important information. With this view, the 
Histories of the British Colonies^ of British India^ of Greece, 
Borne, France, and Modem Europe, are successiyely placed 
in his hands ; while from the Sacred History he acquires the 
knowledge of those great truths on which all Christians are 
agreed. 

Meanwhile, the principles on which language nniversally 
depends, as well as the sources whence his own is derived, 
and the inflections to which it is liable, are explained to him 
in the Explanatory Grammar, — a treatise so composed as to 
suit at once the most cultivated taste and the simplest under- 
standing. The pupil is next made acquainted with the 
laws which regulate the movements of Nature, in Treatises 
on Astronomy, Hydrostatics, Hydraulics, Pneumatics, &c., 
Experimental Chemistry, Light, Heat, Magnetism, Electricity, 
Natural History, and the Steam Engine, — all of which will 
be found to convey both entertainment and instruction. In 
the department of Accurate Science means have been adopted 
to set the pupil forward in a right course. In Arithmetic, in ' 
Geometry, in Algebra, and in Mechanics, such elementary 
works are supplied as lead him gradually on from the 
simplest to the most complete problem in numbers. 



London: LONGMAN. BBOWN. GREEN, LONGMANS, and ROBEETS. 



Gleig*s School Series. 



Series contfiins, besides all these, Elementary Treatises 
IX Oeography, both general and particular. In l^e book of 
^^Tteral Geographpy those great features are set forth which 
Listdnguisb the yarious regions and countries of the globe 
r-om one another; while the Geography of the British Empire 
::x:plams in detail all that appertains, physically and po* 
Llt^icaUy, to Great Britain, and the islands and continents 
tlxat depend upon her. TTie Hand- Adas for Class-Teaching 
^sold for 2s. 6d) is composed of 29 full-coloured Maps, 
compiled by Mr. M^Leod ; which, although necessarily on a 
small scale, will be found most useful in imparting a sound 
Icnowledge of geography to young people, by marking to the 
eye the latitude, longitude, and relative size or position of 
xiearly every place mentioned in the geographical and his- 
t»rical works of the Series. In Writing, too, Mr. M*Leod's 
Graduated Series of Copy Books will be found to lead the 
pupil, by easy and progressive steps, from the simplest to 
the most difficult combinations. Mr. Isbister's Treatise on 
Book-keeping is the cheapest and most concise extant. A 
set of dght forms of Account Books (price 6(f. each), ex- 
emplifying practically both single and double entry, has just 
been added to the Series by Mr. Isbister. 

In addition to these universally important branches of 
education, the Series now comprises a Book of Health; that 
is to say, a descriptive outline of the construction of the 
human frame, and of the causes which, under ordinary cir- 
cumstances, tend either to keep it in a high state of vigour 
and ease, or to induce suffering and decrepitude. A Book of 
Biography will be added, containing sketches of the careers 
of iadividuals who, by honourable exertion, have raised 
themselves in society, and exercised a powerful influence 
over their fellow-m^n. 
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In conclusion, it maj be said that his School Series 
from all that have preceded it in this — that its lessons 
adjusted, not only upon a scale of difficulties gradoall; 
increasing, but according to a just estimate of the refiectiTi 
powers of the learner, as these may be l»xyught day by da) 
to deyelope themselyes. There is not one among them allj 
for example, after the forms and sounds of letters are ren 
dered familiar, but teaches the pupil some practical trnth, or 
solid principle, which it will be worth while to remember 
through life. Hence the Series is eminently adapted not 
only for children's seminaries of eyery description, but ak> 
for schools of adults whose eariy education may haye been 
neglected. 

That the public in general has not been blind to the merits 
of these works, is proyed by the yery wide circulation to 
which most of them haye already attained. Of the Granma 
there haye been sold aboye 14,000 copies ; of the History tj 
England, 16,000 ; and of the other Histories, upwards (^ 
8,000 copies ; — and the projectors beg to state that no paiia 
will be wanting on their part to make their School Series 
still more worthy of the public fayour. 



Works in Preparation : — 

AGRICULTURAL CHEMISTRY. 
THE ENGLISH CONSTITUTION. 
HISTORY OF MODERN EUROPE. 
A BOOK OF BIOGRAPHY. 
A BOOK OF NATURAL HISTORY. 
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